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Abstract 
Satisfying Older People's Travel 
Entering the 21 st century, one of the most significant demographic changes in 
developed countries is the aging of the population. Compared with the preceding 
generation, this generation of older people stay more mobile for longer. As a 
guarantee of life quality, older people's travel demand has to be satisfied, so 
understanding their travel demand is important. An important point is to bear in 
mind that older people are not a homogeneous group but that distinguishing 
between the "young" elderly and the "old" elderly in their mobility needs and 
travel patterns is necessary. In this study, consistent with other literature, the 
distinction within older people is made at around an age of 75 years old. 
Older people's travel demand needs to be investigated from many different 
aspects, including trip generation, travel time, and mode choice. In this study, the 
investigation is focused on older people's trip chaining, including trip chain 
complexity, trip purpose sequence and mode choice in a chain. Trip chain 
complexity is studied in terms of the number of stops per tour modelled by the 
Ordered Probit Model. Trip purpose sequence and mode choice are analyzed by 
random utility models including the Multinomial Logit Model, the Nested Logit 
Model, the Mixed Logit Model and the Dogit Model. After understanding older 
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people's travel demand, it is found that older people do not tend to make less 
complex trip chains than younger people, especially when they are younger older 
people (65 to 75), however their travel purposes in one home-home tour are 
simpler and their mode choice is less flexible. 
Although not simpler, older people's travel demand does differ from that of 
younger people in significant ways. They have less time constraints but their 
decreased physical ability requires more accessible transport services. For those 
older people who have no access to car, public transport is extremely important. 
However, traditional public transport services such as the underground in London, 
fixed-route bus services, etc. are less accessible. Special Transport Services, such 
as door-to-door bus services can provide older people with greater accessibility 
compared with traditional public transport. In this thesis, London Borough of 
Camden is taken as a case study for Special Transport Services. Special transport 
schemes for older people in the Borough include Dial-a-Ride, Taxicard, and 
Plusaus. In addition to these schemes, a new pilot scheme - ScootAbility - is 
studied in detail. This new scheme, which loans electric scooters to older people, 
fills a niche which could not be satisfied by other special transport services. It is 
found that electric scooters can better serve older people's short distance travel 
demand and enable greater trip chaining. The study shows how Special Transport 
Services complement traditional public transport and private transport in fulfilling 
older people's travel demand. 
The thesis is composed of two parts. The first studies older people's travel 
demand from several different aspects using different models. The second looks at 
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how to satisfy older people's travel demand, focusing on Special Transport 
Services, in particular electric scooters. 
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I Introduction 
1.1 The aging of the population 
l poll cntcring the 2I st centurv. One of the most significant deino-raphic changes 
in developed country is the agink of the population. I he 1'ýýfýulation Uivisionn ofý 
the I iiited Nations (2002) reported that population aging is unprecedented. 
peiv"asiv r. enduring, and has hrofound inihlirations. From I il1urc 1-1, it is clear 
that older people as a proportion of the population in the llh is increasing 
significantly as NN ell. With the aging Of the population. understanding the demand 
l4I 
for transport bv older people is hecoming, more important. ""I he ageing J) OCCSS is 
of Course £l biological reality A1hich has its own dynamic. largcly beyond h1LIlllilil 
COntrOl. 11O VCVCr, it is also subject to the constructions by vchich each society 
makes sense of old age. In the developed wworld, chronological time hlaýs << 
paramount role. The aOe 01' 60 or 65, roughly equivalent to retirement ages in 
most developed countries. when they secure their pension entitlement. is said to 
he the beginning of' old arge. " (Gorman. 2000) More generally defined. old age 
consists of ages nearing or surpassing the average Iifr span of' human beings, and 
thus the end of the human life cycle. Euphemisms and terms for older people 
include seniors or elderly (chiefly in the USA). Old age cannot be defined exactly 
because it does not have the same meaning in all societies. In this thesis, older 
people are defined as people aged 65 or over. 
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Figure 1-1 Growth of UK older people as a percentage of total UK population 
(from the Office of Health Economics) 
Increased life expectancy because of better public health, wider car use and an 
extended driving life are enabling many older people to achieve a much higher 
mobility when compared with earlier generations. For example, they are making 
more frequent and complex journeys in old age. Nonetheless, the declining 
physical abilities of older people does make travelling increasingly difficult. They 
are in need of more accessible transport services. The private car is one of the 
most important modes for older people, because of the accessibility, comfort, etc. 
it provides. 
Although older people's travel ability decreases with increasing age, they still 
need to maintain their mobility. Their mobility is closely related to their quality of 
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life. If they do not have satisfactory mobility, their perception of their life quality 
is reduced (Banister & Bowling 2004; Metz 2000). The availability and 
accessibility of transport are major social inclusion issues. For older people, if 
they want to keep in touch with family and friends, and to access different service 
facilities, good access to transport is necessary. It enables older people to remain 
engaged with their communities and to retain their independence, and is therefore 
associated with a better quality of life. Conversely, inadequate access to transport 
can create and reinforce social exclusion. For these reasons, it is important to 
study older people's travel behaviour and the provision of travel services for them. 
This thesis focuses on the travel of older people in London. 
1.2 Older people in London 
London is often seen as a city of young people, but almost 16 percent of the city's 
population - nearly 1.2 million people - are aged 60 or over, and almost a quarter 
of a million people are aged over 80 (Greater London Authority 2006). Age 
Concern London ( 2005), quoting from Office for National Statistics (2004), notes 
that London's population is ageing. The proportion of people in London aged 50- 
64 is increasing by 1.52% annually over the period 2003-2028; over the same 
period the proportion of people aged 65+ are projected to rise by an annual 1.18% 
- implying large increases in numbers as the whole population of London is 
expected to rise. 
Age Concern London (2005) pointed to the diversity of London's older people 
from many aspects including their ethnic background, gender, cultures, lifestyles, 
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etc. London has 45% of the UK's population from black and minority ethnic 
communities and this is now being reflected among London's older people. They 
have quite different age structures as well as being concentrated in different parts 
of London. Most older Londoners are women; 64% of Londoners over 60 are 
women with larger majorities at older ages. In addition to these differences, older 
people are also in very different social and economic situations. For example, 
London Divided (Greater London Authority 2003) showed that while many older 
people are in good health and socially secure, in Inner London the proportion of 
pensioners below the official poverty line is the highest in the UK. This 
demonstrates that older people in London are not homogeneous, so they have 
different travel behaviour and require different transport services. 
Church et al. (2000) argued that London, with its distinct and complex 
morphology, socio-economic character, mix of housing tenure, and its relatively 
dense public transport network, may be unique within UK urban areas, 
particularly with regard to its size, urban structure and ethnic mix. Armitage (1997) 
also pointed out London's travel costs are between two and three times higher 
than in other metropolitan areas because of congestion, higher drivers' wages, etc. 
London also experiences a much higher proportion of wheelchair users, which 
implies slower boarding times. The uniqueness of London in the UK makes 
transport research on older people in London interesting, but not necessarily 
representative of other conurbations. 
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1.3 The contents of the thesis 
Because of stage in the life cycle and health status, older people's travel behaviour 
is not the same as younger people, so older people's travel demand is different as 
well. Older people have different requirements for transport services regarding 
accessibility, reliability, etc. For private transport, if older people are driving 
vehicles by themselves, "Will they be able to continue to drive safely on our 
streets and highways? " (Transportation Quarterly, 2004). With aging, older people 
gradually lose their ability to drive. If they just travel as private transport 
passengers, their independence will be limited. So public transport should be 
improved to allow them to live independently with undiminished mobility by 
options that are "readily accessible, affordable, safe and reliable" (Transportation 
Quarterly 2004). In order to achieve this objective, traditional fixed route public 
transport should not only be made more accessible, but be complemented by 
Specialised Transport Services. Recently, Specialised Transport Services have 
been receiving increasing attention from researchers. 
The intention of this research is firstly to gain a better understanding of older 
people's travel behaviour, especially regarding their ability to achieve the 
logistical advantages of trip chaining, and secondly to investigate how better to 
satisfy their demand for travel, in particular the role for Specialised Transport 
Services. In more detail, the objectives are to: 
1. Describe and analyse trip chain complexity, trip purpose sequence and mode 
choice for older people. 
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2. Explain travel behaviour as a function of household and individual 
characteristics, such as age, gender, residential location, trip characteristics 
etc. 
3. Explore niche market filled by Specialised Transport Service, using London 
Borough of Camden as a case study. 
4. Investigate a new Specialised Transport Service - ScootAbility - to find out 
the impact of electric scooters on the travel behaviour of older people. 
5. Match older people's travel demands with available transport services and 
identify remaining unfilled gaps. 
Chapter 2 of the thesis is literature review. This covers past research on trip 
chaining and mode choice, especially for older people. The importance of 
shopping travel for older people is emphasised, so the literature review also 
includes past studies on shopping travel. The last part of the literature review 
covers Specialised Transport Services. 
Chapter 3 outlines datasets used in the study and the methodological framework 
of the thesis. The main dataset used in the study is LATS (London Area Travel 
Survey) 2001 and data collected for ScootAbility evaluation. The methodology is 
composed of quantitative methods (modelling) and qualitative methods 
(descriptive statistics and focus groups). 
Chapter 4-7 seek a clearer understanding of older people's travel behaviour, 
especially their ability to chain trips. Chapter 4 addresses trip chain complexity of 
older people. Chapter 5 looks at older people's trip purpose sequence for shopping 
tours. Chapters 6 and 7 investigate older people's mode choice for their shopping 
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tours. After understanding older people's travel behaviour. the thesis comes to the 
next question, how to satisfy older people's travel demand. 
Chapter 8 takes the London Borough of Camden as a case study, introduces the 
Special Transport Services available in this Borough, and looks at the possible 
coordination of different schemes. Chapter 9 addresses a new pilot scheme called 
ScootAbility, an electric scooter loan scheme, in detail. Surveys demonstrate that 
this scheme fills a niche not filled by other services. Chapter 10 presents the 
conclusions of the thesis. 
2 Literature review 
Chapter 2 reviews the literature related to this study. This includes useful 
background on older people's quality of life, mobility and travel, past studies 
about trip chaining, shopping travel and mode choice, and Specialised Transport 
Services. 
2.1 Quality of life and mobility of older people 
The population of older people is increasing in developed countries, both 
absolutely and relative to the population as a whole (Alsnih & Hensher 2003; 
Metz 2000; Rosenbloom 2003; Tacken 1998). The population of the UK is getting 
older as well, which will give rise to a substantial increase in the number of older 
people in society. The percentage of people over state pension age (women over 
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60, men over 65) increased from 16 per cent in 1971 to 19 per cent in 2004 and is 
projected to rise to 23 per cent in 2031. The "older older people" will grow even 
more substantially. The "oldest old", people aged 85 and over, have grown by 84 
per cent between 1981 and 2004, to over 1.1 million (Office for National Statistics 
2005). The percentage of the population aged 65 years and over is predicted to 
increase from 15.8% in 1998 to 19.2% in 2021 (Department for Transport 2001). 
The aging of the population has a variety of implications for the society and the 
quality of life of older people is an important issue. 
Metz (2000) and Tacken (1998) point out that the quality of life in old age is 
related to mobility. The investigation of Kendig (2000) on older people in 
Melbourne showed that the major impacts of illness and pain were through their 
limiting effects on activity, which in turn were related to lower well-being of older 
people, thereby confirming the supposition of Metz (2000). Banister and Bowling 
(2004) also argue that there is a positive link between quality of life and number 
of activities that individuals participate in. Walters et al. (2000) point out the 
importance of mobility from the perspective of carers and the health professionals 
as well as patients. 
Mobility is sometimes associated with travel (passenger-kilometres), but should 
also include access to desired people and places as well as the benefits arising 
there from. In the field of transport studies, mobility is not at present an 
operational concept capable of quantification. Rather, what is measured is travel 
behaviour, which may then be discussed in terms of the implications for the 
mobility of those concerned. In the concept of mobility, several elements should 
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be combined: travel to achieve access to desired people and places: the 
psychological benefits of movement; exercise benefits: involvement in the local 
community and the societal benefits resulting therefrom; and potential travel 
(Metz, 2000). Mobility is not the same for different population sectors. For 
example, Grieco (2007) pointed out that mobility for males and females are often 
different. For older people, their mobility requirements are different from other 
population sectors, and not homogeneous within the sector either. 
Since we can assume that mobility is significantly correlated with older people's 
quality of life, it is imperative to improve older people's mobility. However, many 
older people can not travel as they want. Department for Transport (2001) found 
that many older people would like to engage in more activities more often, 
implying that a substantial proportion of older people are not as active as they 
would wish to be. The most frequently mentioned foregone activities concern 
family visits and meetings with friends, in part because these are highly valued 
but also in part because they are, unlike shopping, ultimately optional. 
Rosenbloom (2003) pointed out that in the US, all but the most fortunate seniors 
will confront an array of medical and other constraints on their mobility even as 
they continue to seek an active community life. The way an aging society adds to 
a range of transportation problems is discussed supporting the argument that 
Congress should consider special approaches to meet the mobility and access 
needs of the elderly. 
One reason for the feeling that some mobility demands go unmet is because older 
people now have higher mobility requirements, when compared with earlier 
z, 
generations. Actually their mobility is better than for earlier generation. 
Hendrickson and Mann (2005) argued that elders (US terminology) are living 
longer and healthier lives sustained by modern medicine, technology, and more 
supportive environments. Although Metz (2000) pointed out that mobility 
diminishes with increasing age, there have been substantial increases in travel by 
older people and their range of activity involvement has also expanded, consistent 
with the findings of Banister and Bowling (2004). Tacken (1998) reported that a 
larger proportion of older people make no trips, but the types of trips of the active 
group are comparable in duration and distance with the trips made by other age 
groups, suggesting that for the individual the age-related loss of mobility tends to 
be a discrete event (like a decision to give up driving) rather than a gradual 
process. Hendrickson and Mann (2005) examined whether the community 
mobility of elders in America changed over fifteen years as part of a longitudinal 
study of 1,103 community-dwelling frail elders in Western New York and 
Northern Florida, and found that for those interviewed older people, their travel 
distance decreased per person in the 15 years but the number of places visited did 
not change significantly. Mobility diminishes with increasing age, which is 
consistent with Metz (2000), 
A lot of research has been done on factors affecting older people's mobility, and 
why older people's mobility dimishes with increasing age. Gilhooly (2005) and 
Giuliano et al. (2003) argued that mobility depends on individual resources, the 
supply of transportation services and the spatial distribution of activity 
destinations. They also pointed out that older people's individual resources differ 
from those of younger people. For example, car availability declines wý ith age 
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increasing. The importance of having a private vehicle has also been addressed by 
Carp (1988), Banister and Bowling (2004). Evans's study (1999) also showed that 
non-drivers 75 and older are among those most at risk of social isolation and 
inadequate service availability that can follow from reduced mobility. Tacken 
(1998) suggested that the lower mobility of older people results from deteriorating 
physical mobility and the lower income of older people, as well as a lower 
educational attainment of older people in comparison to younger people. Kim 
(2002) also associated age, the existence of a transportation disability, and other 
socioeconomic variables with reduced mobility. The proportion of people with a 
disability increases with age. Indeed in 1994 Age Concern estimated that more 
than two-thirds of disabled adults were aged 60 and over. Alsnih and Hensher 
(2003) took a close look at the evidence on the mobility needs and travel patterns 
of individuals over 64, distinguishing between the "young" elderly (aged 65-75 
years) and the "old" elderly (over 75 years). In addition to individual socio- 
economic variables, the outdoor environment is also very important for older 
people's mobility. 
Evans's study (1999) suggested that beyond the constraints of physical and 
economic well being, it is housing density and community context that most 
influence mobility among the non-driving 75+ population. Shumway-Cook (2002) 
measured the influence of 8 dimensions (distance, time, ambient conditions e. g., 
light level, weather conditions, terrain characteristics, physical load, attentional 
demands, postural transitions, and traffic level) of the physical environment on 
mobility in older adults with and without a mobility disability. They found that 
mobility disability among older adults was not associated with a uniform decrease 
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in encounters with environmental challenges across all dimensions. Certain 
dimensions were more likely to contribute to decreased mobility in older adults, 
such as terrain, postural transition (the number of times postural transitions. e. g., 
stop, back up, reach forward, made during a 10-minute segment of grocery 
shopping between groups were compared) etc. In other words, among older 
people, certain environmental factors may interfere with mobility more than 
others. While with increasing age the proportion of people with impairments is 
larger, some of these impairments are more directly relevant to physical mobility 
than others, leading to a picture of heterogeneity. All these studies point to the 
need for a deeper understanding of older people's mobility needs, to ensure that 
the diverse requirements of this growing segment are catered for most effectively. 
2.2 Travel of older people 
The ability to travel is associated with freedom, activity and choice. Mobility 
forms an important element in the quality of life of older people (see the previous 
section), however it should not be measured simply in quantity terms (trips made, 
distance travelled, etc). Travel is a demand derived from the pursuit of activities, 
so one should also look at its logistical efficiency. For example, separate trips to 
the shops, the doctor and friends may amount to a lot of travel, much of which 
would be unnecessary if the trips were chained. However, old age may impair the 
ability to chain trips, perhaps because of an inability to carry loads or because of 
the unavailability of a car. An important aspect included in this study is older 
people's ability or propensity to chain trips. 
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Many past studies have established how older people's travel differs from other 
sectors of population. Compared with younger age groups, the life styles of older 
people are different, so they engage in different activities at different times in 
different locations. As transport is a derived demand, this means that trip 
generation, travel purpose, mode choice, departure times. etc. are also different. 
On the whole, older people are less likely to travel than younger people; the 
number of journeys made declines with age and the trips get shorter, due to 
changing needs, income and disability etc. The number of trips people in Great 
Britain made declines with age. During 2002, people aged 70 and over made an 
average of 700 trips each, compared with 1,100 trips made by those aged 50 to 59 
(Department for Transport 2005b). Giuliano et al. (2003) also found that trip 
making declines significantly after age 75 and older people in the US also travel 
considerably less distance than those in younger age groups, suggesting an 
increasing propensity to engage in activities closer to home, consistent with the 
findings of Gilhooly (2005). 
Older people's travel purposes also differ from younger people. The major 
influence is of course retirement from work. From the data of the 2004 National 
Travel Survey (Department for Transport 2005b), those aged 50 to 59 made 
around 300 trips for business or commuting purposes on average, compared with 
hardly any for those 70 and over. Giulino et al. (2003) noted that the decline in 
work travel occurs gradually between the pre-elderly and the younger older people. 
Kuppam and Pendyala (2001) found that older people aged 60 or older undertake 
(on average) fewer complex work trip chains (a complex work trip chain is one in 
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which a commuter stops on the way to or from work for one or more non-work 
activities), compared to other age groups. Regarding non-work travel, Gilhooly 
(2005) found that for older people, the percentage of non-work travel is higher. 
During 2002,43 per cent of trips made by those aged 50 to 59 were to go 
shopping, to conduct other personal business or to escort somebody else. This 
increased to 55 per cent for people aged 60 to 69 and to 64 per cent for people 
aged 70 and over. However, Kuppam and Pendyala (2001) found that for older 
people aged 60 or older the number of non-home maintenance and recreation 
activities tends to decrease. Golob (2000) also found that age is negatively 
associated with non-home activity and travel time. But Lu and Pas (1999) found 
that age is positively associated with travel time although overall non-home 
activities were negatively associated with age, but non-home maintenance 
(shopping) is positively associated with age. Regarding the travel time of older 
people, Benekohal et al (1994), Gilhooly (2005), Giuliano et al. (2003), Steed and 
Bhat (2000) all found that older people tend to travel more in off-peak hours. 
Older people, specifically those over state pension age, are more reliant on public 
transport, in particular local buses, than younger people. The car is the most 
important form of transport for people of all ages in Great Britain, although its use 
declines with age. Older people walk less than those in younger age groups. 
Gilhooly (2005) found that older people in Paisley, rural Renfrewshire, inner and 
outer London are more likely to walk or use public transport. But Giuliano et al. 
(2003) noted that older people in the US are less likely to be regular transit users, 
even when transit is accessible and when land use patterns are more favourable to 
transit. In addition, the older elderly people (those over 75) are more likely to be 
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transit users when transit stops are close to home and when local access to goods 
and services is high. 
As Rosenbloom (2001a) and Gilhooly (2005) pointed out, it is important to 
recognize that older people are not a homogenous group, and possess few truly 
universal characteristics. They differ in gender, holding a driving licence, age etc. 
In the National Travel Survey (Department for Transport 2004a), it is found that a 
much greater proportion of older men than women hold a full car driving licence - 
68 per cent of men and 28 per cent of women aged 70 and over in 2002. Alsnih 
and Hensher (2003) took a close look at the evidence on the mobility needs and 
travel patterns of individuals over 64, distinguishing between the "young" 
elderly (aged 65-75 years) and the "old" elderly (over 75 years). Tacken (1998) 
and Giuliano et al. (2003) also found that, among older people, the older a person 
is the more that person stays at home and the less that person travels. The level of 
mobility, measured by non-home activity time, travel time, and travel distance, 
declines as older people age. Frey (1999) found that, in the US, the younger 
elderly have better health, more resources, and more social support whereas the 
older elderly, those in their late 70s and 80s, are often sicker, poorer, and more 
isolated. Hildebrand (2003) identified six distinct lifestyle groups of older people 
based on socio-demographic variables. The clusters were found to have 
statistically significant differences in travel behaviour and activity engagement 
patterns. Among these lifestyle groups, the trip rates of Workers, Mobile Widows, 
and Affluent Males are actually higher than those found for younger age groups in 
the Portland data. 
29 
Despite its evident complexity, it is worth delving into older people's travel 
behaviour for two reasons. Firstly, they are an increasing and growing percent of 
the population (Rosenbloom, 2003). Secondly, their quality of life is likely 
significantly affected by lack of mobility, especially for medical reasons, and this 
can lead to further physical decline (Metz, 2000; Walters et al., 2000). The 
following sections look at past research on several different aspects of travel 
behaviour. In section 2.3, it is about trip chaining. 
2.3 Trip chaining 
One of the most significant trends in recent decades is the increase in car 
ownership, bringing with it greater transport convenience (European Environment 
Agency 2000) and making trip chaining easier. Trip chaining is an emerging 
travel phenomenon, for example McGuckin et al. (2005) found trip chaining 
increased in the US in the late 90s. 
2.3.1 Definitions of trip chains 
The trip chaining literature contains a multitude of definitions. In order to define 
trip chaining, several terms describing travel activities need to be clarified. The 
most elemental unit of travel activity is the stop, also called sojourn, often defined 
as a place of activity remote from home (Adler & Ben-Akiva 1979; Kitamura 
1985). The movement which carries an individual between his home and a stop or 
between temporally consecutive stops is called a trip (Adler & Ben-Akiva 1979; 
Kitamura 1985; Lee, Chung, & McNally 2002; Rutherford, McCormack, & 
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Wilkinson 1997). A set of consecutive trips which begin and end at an 
individual's home or work is called a tour (Adler & Ben-Akiva 1979; Bowman & 
Ben-Akiva 2000; Kitamura 1985; Maclver 1999; McGuckin & Murakami 
1999; McGuckin & Nakamoto 2004; Rutherford, McCormack, & Wilkinson 
1997; Strathman & Dueker 1995). If a tour is composed of 2 or more stops, it is 
defined as a trip chain. There are, however, differences in the definitions of stops, 
trips and tours, in particular whether the location of an activity is a trip anchor or a 
stop. The multitude of definitions in the literature makes comparison difficult and 
interpretation confusing, hence the clarification of the definitions presented here. 
There are two tour definitions used in this study. The first has the Home as the 
anchor point. If there are two or more stops (there is no time constraints at all) in a 
home-home tour, it is also defined as a home-based trip chain. The second 
definition of a tour requires the dwell time at stops bounded by 30 minutes or less. 
A stop of 31 minutes or more defines the terminus of a tour. In the study (Chapter 
4), tours are further categorised according to whether the anchor point is Home or 
Work or other. The 30 minute dwell time definition was adopted by the US 
Federal Highway Administration (FHWA) following expert opinion that the 30 
minute cut-off was a reasonable definition (McGuckin, Zmud, and Nakamoto, 
2005). 
The study of trip chaining has a long history in the transportation literature. Early 
studies were based on understanding the geography of urban areas and the 
linkages between trips (Hanson 1980; Takahashi 1986), especially shopping trips. 
Much of the literature on trip chaining has focused on how to better model and 
forecast travel. For example, Kitamura (1984) investigated the possible treatment 
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of interdependent destination choices in a trip chain and found that if the 
interdependency is not accounted for, model estimates may be biased. Lerman 
(1979) outlined two methods, disaggregate choice models and semi-Markov 
processes, to model non-work trip chaining. Hensher (2000) estimated the 
relationship between mode choice, especially the use of public transport, and trip 
chaining. He found that as individuals move from a simple tour (such as, home- 
work-home) to an increasingly more complex chained tour (say home-school- 
work-home) the likelihood of using public transport decreases with increasing 
numbers of links in the chain. This result is consistent with Cirillo and Axhausen 
(2002) and Ye et al. (2006), who found that complex patterns (involving several 
stops) are preferably performed by car. What these studies do not evaluate is why 
there are complex trips, rather they focus on how to model the complexity. 
Noland et al. (2007) took this further by showing associations between sparse 
population density, i. e., sparse land development, and increasing tour complexity. 
Hildebrand et al. (2005) tracked a small number of older people in New 
Brunswick, Canada, using GPS positioning devices and found that an older person 
in a rural area is further restricted when the automobile is the sole means of 
personal transport. When an older person ceases driving, it is usually the "higher- 
order" needs that are most adversely affected, consistent with the finding of Carp 
(1988). They also found a fair degree of variability between rural and urban older 
people. The frequency of simple two-link trips for urban seniors was 1.68 times 
higher than for rural seniors, and remained generally higher for three-link trips. 
Conversely, rural seniors had a higher proportion of trips with five or more links. 
This is most likely because they live further away from their desired destinations. 
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This may suggest that rural seniors use their vehicles for tasks that urban seniors 
would complete by other modes. Urban seniors had a higher frequency of 
shopping trips; however, this may be due to their proximity to shopping venues 
and lower propensity to chain activities together. 
Rosenbloom (2001a) argued that travel generally adjusts to overall levels of 
accessibility, so the relative mobility of the poor appears to be higher in rural 
areas than in urban areas, both in terms of trip numbers and distances covered. 
That does not mean that overall accessibility is higher for the rural poor, but the 
differences in mobility rates between the poor and affluent are smaller in rural 
areas than in urban areas. A project - Evaluation of Direct and Cross-Sector 
impacts of Accessible Public Transport in Rural Areas - examined the continued 
operation of a community managed accessible bus service set in a remote area of 
northern England (Brown & Tyler 2004). It was pointed out that delivering rural 
public transport is so difficult because of the sparseness of the population and the 
cost of providing a transport system under these circumstances. 
2.3.2 Other trip characteristics on trip chaining 
Ye et al. (2006) found that the tour's primary purpose appears to affect tour 
complexity. While tours taken for transporting passengers tend to be complex in 
nature, shopping tours do not tend to be complex in nature. In this thesis, 
shopping trips, and how these are chained, are particularly interesting when 
studying older people, as older people make relatively more shopping trips. 
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Su and Bell (2006) reported on the different tour types of older people in London. 
They found that they prefer not to mix shopping trips with other trip purposes 
even if these are multi-stop tours. Further, Su (2006) found that older people's 
home-to-home tours tend to contain fewer stops than younger people's tours. For 
example their most frequent shopping tour is home-shopping-home whereas 
younger people tend to do more trip chaining. 
Vande Walle and Steenberghen (2006) took the effect of trip chaining into 
account to improve the insight into the relation between the choice of transport 
mode and time factors using 1998-1999 Belgian mobility survey data. They found 
that travel time variables on trip chain level are associated with mode choice. The 
range of the travel time ratios (defined as the ratio between the travel time by 
public transport divided by the travel time by car for the same trip) in a chain, and 
the maximum travel time ratio in a chain have significant effects on mode choice. 
In Chapter 6 of this thesis, mode choice of older people's shopping travel is 
analysed considering the effects of trip chaining as well. The number of stops in a 
tour and purposes in a tour are used to explain mode choice. 
Some previous studies have focused particularly on the combination of work and 
non-work trips within a tour. Strathman et al (1994) studied trip chaining 
behaviour during the work commute and used the mode chosen for the work trip 
as an explanatory variable. Srinivasan and Ferreira (2002) investigated the travel 
choices of households, including the allocation of non-work activities to work and 
non-work tours, to understand the relationship of these choices to socio-economic 
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characteristics as well as the spatial characteristics of the places where the 
household resides, works and travels. 
In addition to the interdependency of trip chaining and other trip characteristics 
the socio-demographic variables associated with trip chaining has been researched. 
Wallace (1999) found that the greater the number of adults, employees, and 
children the less likely the household is to link trips. Ye et al. (2006) also found 
that as household size increases, the tendency to chain trips decreases, and as 
household income increases, the propensity to chain trips also decreases. Clarke et 
al. (1981) provided important empirical insights on the linkages between trip 
chaining and household characteristics. They found that households comprised of 
young working adults without children developed chains around the work trip to 
satisfy a greater proportion of their travel activity needs. Households with 
preschool children had a higher proportion of simple home-destination-home 
shopping trips and correspondingly fewer complicated work commute chains. 
Households with school age children experienced increasingly complex passenger 
and household needs-serving chains. 
2.3.3 Other variables impacting on trip chaining 
Golob (1986) found that life cycle is the most important variable for determining 
the sequences of activities in trip chains, followed by age and income. McGuckin 
et al. (2005) found that most socio-demographic variables did little to explain 
differences in trip-chaining behaviour, except gender and life cycle (based on the 
number of adults and the age of children). Noland et al. (2007), however, find in 
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their multi-variate analysis of age cohorts and their association with trip 
complexity (i. e. the number of stops), that trip complexity varies little for those 
older than 26, but drops slight for those older than 76. They also confirmed that 
higher income households have more complex trips and that young children 
increase trip complexity. Hensher and Reyes (2000) found that as age increases. 
the probability of complex car trips during work decreases while complex car trips 
to and from work increase. After they reach retirement age, they almost make no 
working trips. 
In addition to socio-demographic variables, other factors also have significant 
effects on trip chaining, especially land use variables. Studies done by Krizek 
(2003) and Wallace et al. (1999) indicated that households living in areas with 
higher density of service facilities complete more tours and make fewer stops per 
tour. Limanond (2004) showed that households with poorer accessibility tend to 
make fewer one-stop shopping tours, and are more likely to combine shopping 
trips with other trips to form multi-stop shopping tours as a means of 
compensating for locational deficiencies, using data from three traditional 
neighbourhoods in Washington. Noland et al. (2007) showed a clear pattern of 
increasing complexity as population density decreases in the USA, but found tour 
generation to be associated more with medium population densities typical of 
suburbs and less likely in very high density and very low density areas, in 
contradiction to Krizek's analysis. 
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2.3.4 Trip chaining of specific population sectors 
Most trip chaining research has not focused on specific population segments. 
Some studies are about trip chaining of women. Using the 1995 Nationwide 
Personal Transportation Survey (US), McGuckin and Murakami (1999) found that 
women, especially with children in the household, are more likely to chain 
household sustaining trips in tours to and from work. Handy (1996) investigated 
the non-work travel of women, who generally face greater constraints on travel 
than men due to greater time pressures and greater concerns about personal safety. 
For example, women are expected to take more responsibilities for looking after 
children and doing household maintenance such as grocery shopping, which will 
give them greater time pressure. Ye et al. (2006) found that gender does not 
significantly influence tour complexity in the case of non-work tours using 2000 
Swiss Microcensus travel survey data. There are not many studies about older 
people's trip chaining. Hensher (2007) used a pooled (2002-2004) cross section of 
the Sydney Household Travel Survey to investigate the current profile of trip 
chaining for individuals over 64 years of age. Older people's trip chaining, 
distinguished by the level of "complexity" and the primary mode, was found to be 
highly affected by the possession of a driving licence, whether living with a 
partner, and the specific age category over 64 years. Kim (2004) using Puget 
Sound Transportation Panel data in Washington State reported that older people 
are more likely to share a ride with others when chaining trips and are less likely 
to use public transport for shopping or doing errands. 
In this study, older people's trip chaining is investigated. Compared with younger 
people, older people have particular travel characteristics and needs, in which trip 
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chaining is one of the most important. Although trip chaining by the elderl\ has 
not been studied extensively so far, preliminary results suggest that the elderly. for 
one reason or another, fail to take advantage of the greater logistical efficiency it 
offers. This study looks into older people's trip chaining preference. One 
objective of this thesis is to understand why, with view to remedying the situation. 
The investigation of older people's trip chaining in this thesis is from several 
aspects. Chapter 4 looks at trip chain complexity in terms of the number of stops 
in each trip chain. Chapter 5,6 and 7 investigate trip purpose sequence and mode 
choice of shopping trip chains. 
2.4 Shopping travel 
From past investigation of older people's travel purposes, it has been found that 
shopping travel has much more significance for older people than for younger 
people as a proportion of travel. For example, the shopping trip is the most 
frequent type of trip made by seniors in London (Schmöcker et al., 2005b). 
2.4.1 Trip purpose definition 
As mentioned earlier, travel is a demand derived from the pursuance of activities 
at disparate locations. The nature of the activity to be performed upon arrival 
defines the purpose of a trip. "Pick up passenger", "drop off passenger", "work 
place", "work-related business", "school", "shopping". "other errands", "eat out", 
"social or recreational", "medical or dental", "return home", "religious activities". 
"volunteer work", "community meetings and other", "day care or preschool". "go 
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along for the ride", "work or school" are all examples of trip purposes 
encountered in the literature (Zhou & Golledge 1999). Shopping is one of the 
most complicated and important trip purposes. Official travel statistics shows that 
the number of shopping trips per person has nearly doubled since 1965, and the 
annual shopping mileage has nearly trebled in the UK (Department of Transport 
1996). 
Modern consumer theory typically uses a three-way classification of activities into 
(1) subsistence (income-producing or paid time, i. e., work), (2) nondiscretionary 
(maintenance or compulsory activities, e. g., eating meals, certain forms of 
shopping, and child care), and (3) discretionary or leisure activities, see for 
example Golob and McNally (1997) and Golob (2000), who classify shopping 
travel "lower" than subsistence activities such as work or education trips, 
behaviour it does not have fixed time and distance etc. However, because of time 
and money constraints as well as inertia, most households have some regularity 
regarding shopping travel. For example, many people will shop at weekends, 
often at fixed locations. In general, shopping trips, encompassing both home- 
based and non-home-based shopping trips, compose a large portion of all 
household trips. 
Because of the importance and complexity of shopping travel, it has been a target 
of past research. As in much other research on travel behaviour, there have been 
definitional differences regarding shopping travel. Maclver (1999) defined a 
shopping trip as one in which shopping is the purpose at the destination. Shopping 
chains may have numerous non-shopping stops, but at least one stop must be for 
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shopping. Home-shop-home is a simple shopping tour; complex chains have two 
or more out-of-home stops. Giuliano et al. (2003) defined "shopping trips" as trips 
for purchasing commodities and window shopping. Barber (1995) defined a 
shopping trip as a trip to any retail centre, irrespective of the size and type of the 
store or shop, and whether a purchase is made or not, which is also the definition 
of a shopping trip used in this thesis. 
Shopping is different from other kinds of travel purpose for several reasons: 
Firstly, it does not have strict time constraints as long as it is within the time 
window of shop opening hours and can satisfy maintenance requirements. 
Secondly, after shopping there would generally be some load to carry, which 
increases traveller difficulties. Both of these aspects might influence mode choice. 
2.4.2 Factors affecting shopping travel 
Several studies have been focused on better forecasting shopping travel from 
different perpsectives. Bhat (1997) formulated and estimated a joint model of 
mode choice and departure time choice to analyze home-based shopping trips. 
Bhat and Steed (2000) used shopping trip data from the 1996 activity survey 
collected in the Dallas-Fort Worth metropolitan area in the USA to study urban 
shopping trip departure time choice. Yun and O'Kelly (1997) developed a 
hierarchy of models with a shopping activity participation decision as the highest 
level, the scheduling decision as the next level, and the number of shopping stops 
as the lowest level. They found that there were substantial differences between 
each day-of-the-week and major distinctions between the weekday and weekend 
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models. Lockwood and Demetsky (1994) also found that a significant number of 
individuals make a single shopping activity stop during the work-to-home 
commute. Ibrahim and McGoldrick (2003) found that for older shoppers the 
attributes "absence of waiting time" and "shortness of walking distance" are of 
particular importance where shoppers have a choice between private and public 
transport options. 
Some researchers have focused on which factors significantly influence shopping 
travel. Named and Easa (1998) presented an integrated modelling framework to 
examine the factors affecting urban out-of-home shopping activities. The results 
demonstrated that the existence of children among other household 
socioeconomic characteristics were significant in mode choice, duration, and trip 
frequency models. Limanond and Niemeier (2004) investigated the effects of 
land use patterns on household shopping tour frequency, tour scheduling and 
mode choice. The model was calibrated using travel data collected in three 
traditional neighbourhoods located in the Puget Sound region of the USA, and 
shopping travel patterns across seven common household structures were 
analyzed. They found that land use appears to have little effect on the number of 
shopping tours generated. However, land use was found to have an impact on the 
type of shopping tours being generated. Households residing at locations with 
greater accessibility tend to make more one-stop shopping tours, while households 
with poorer accessibility tend to make fewer one-stop shopping tours, and 
compensate for their location deficiency by combining shopping trips with trips 
for other purposes into either two-or-more stop shopping tours, multi-purpose 
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shopping tours or work-related shopping tours. This of course reduces overall 
travel effort. 
Older people, as a group with special transport needs, have not been given much 
attention with respect to their tour pattern, especially their shopping travel pattern. 
Most older people do not work, so their non-work activities are usually confined 
to non-work tours. Lerman (1979) pointed out that unlike work trips, most non- 
work trips are characterized by a large degree of substitutability between 
alternative destinations. 
2.4.3 Differences of shopping travel from travel for other purposes 
The shopping trip, as one of the most important forms of non-work trip, has its 
own specific characteristics. For example, shopping trips are quite likely to lead to 
a burden, which older people may find difficult to manage. Shopping trips are 
frequently defined as maintenance trips, as they are often required for survival. In 
this study, the shopping tour, defined as a home-based tour with at least one 
shopping stop, and the way it fits into the lives of older people is looked into. 
Being relatively time-rich and mobility-poor, particularly when carrying shopping, 
one would expect the structure of trip chains for older people to differ from those 
of younger people. 
Little past research has been carried out on trip sequences of shopping tours. This 
thesis will look at this aspect together with mode choice for shopping tours. The 
literature on mode choice by older people is reviewed in the next section. 
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2.5 Mode choice 
There are various transport modes. Not all modes are accessible by older people 
(see Table 2-1). 
Table 2-1 Suitability of Travel Modes (Victoria Transport Policy Institute 2005) 
Mode Non- Handi- Limitations Most 
Drivers Poor capped Appropriate 
Uses 
Requires physical 
ability. Limited Short trips by 
Walking Yes Yes Varies distance and physically able 
carrying capacity. people. 
Difficult or unsafe 
in some areas. 
Requires sidewalk Short urban trips 
Wheelchair Yes Yes Yes or path. Limited by people with 
distance and physical 
carrying capacity. disabilities. 
Requires bicycle Short to medium 
and physical length trips by 
Bicycle Yes Yes Varies ability. Limited physically able 
distance and people on suitable 
carrying capacity. routes. 
Infrequent trips, 
Taxi Yes Limited Yes Relatively high short and medium 
cost per mile. distance trips. 
Fixed Route Short to medium 
Transit Yes Yes Yes Destinations and distance trips 
times limited. along busy 
corridors. 
Paratransit* Yes Yes Yes High cost and Travel for 
limited service. disabled people. 
Requires driving Travel by people 
Auto driver No Limited Varies ability and who can drive and 
automobile. High afford an 
fixed costs. automobile. 
Requires Trips that the 
Ridesharing cooperative driver would take 
(auto Yes Yes Yes automobile driver. anyway 
passenger) Consumes driver's (ridesharing). 
time if a special Occasional special 
trip trips 
(chauffeuring). (chauffeuring). 
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Carsharing Requires Occasional use by 
(Vehicle No Limited Varies convenient and drivers «ho don't 
Rentals) affordable vehicle own an 
rentals services. automobile. 
Requires riding Travel by people 
Motorcycle No Limited No ability and who can ride and 
motorcycle. High afford a 
fixed costs. motorcycle. 
Telecommute Yes Varies Varies Requires Alternative to 
equipment and some types of 
skill. trips. 
In the table above, Paratransit is an alternative mode of flexible passenger 
transportation that does not follow fixed routes or schedules (as defined in 
Wikipedia). Typically vans or mini-buses are used to provide paratransit service. 
Paratransit services may vary considerably on the degree of flexibility they 
provide their customers. By the early eighties and in particular in North America, 
the term began to be used increasingly to describe special transport services for 
the handicapped , and 
in this respect has became a sub-sector and business in its 
own right 
Clearly mode choices are constrained for people with mobility impairments, 
which are common for older people. Schmöcker et al (2005c) for example 
reported that the Underground is seldom considered by those over 80 
in London. 
Further Schmöcker et al (2005b) reported that the mobility of wheelchair users is 
often better than those with less walking difficulties 
but without wheelchairs, as 
wheelchair users are able to make more local trips and are 
less inhibited about 
using community transport or lifts in cars 
for longer journeys (Department for 
Transport 2001). 
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2.5.1 Mode choice of older people 
Many studies have looked at the factors associated with mode choice for older 
people. Socio-demographic variables are found to be very influential. Kim and 
Ulfarsson (2004) found from the 2000 Puget Sound Transportation Panel data of 
the Puget Sound Regional Council in Washington State that older people with a 
higher income are more likely to drive or carpool. Evans (1998) from the 1995 
Nationwide Personal Transportation Survey of the United States found that non- 
driving older people who are among the 75 and over cohort with higher education 
and income living in areas of higher residential density tend to use public 
transport more. It is also found that there is a negative association between the 
number of drivers in the household and the use of public transport. Banister and 
Bowling (2004) reported that men in their early 60s with car dependent life styles 
retained these life styles into older age, as they become less mobile and travel less 
far. Women on the other hand have much lower levels of car use as a driver, but 
much higher levels of car use as a passenger in all age groups. They are also 
consistently higher users of bus services and other forms of transport. 
Older people's mode choice is also related to the accessibility of local facilities. 
Kim and Ulfarsson (2004) found that older people are more likely to use public 
transport if they live within five blocks of bus stops. Hendrickson and Mann 
(2005) found that although the predominate transport mode is the car for older 
Americans, the use of public transport is increasing with age. 
Older people's mode choice is not only influenced by socio-demographic and 
geographic variables, it is also correlated with other trip characteristics. Kim and 
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Ulfarsson (2004) found that older people are more likely to share a ride with 
others when chaining trips, doing errands, or going to a medical appointment, and 
are less likely to use transit when going shopping or doing errands. Older people 
prefer walking when going on recreational or personal trips. 
In different countries and areas, mode choice preferences are different. London, as 
a metropolitan area, has some similarity with other metropolitan areas but also 
some special features. Giuliano et al. (2003) reported that the greater availability 
of public transit in London and other large metro areas appears to make it possible 
for older people to use transit more extensively. Because of lower car ownership, 
less income, higher car maintenance fees, and greater transit access and service 
availability in the UK compared with the USA, public transport it provides a more 
competitive alternative to the car in the UK. Comparing urban and rural areas, 
Department for Transport (2001) found that older people in town and city centres 
are generally more reliant on public transport. In addition, people living in these 
areas may find it relatively difficult to access facilities such as shopping centres 
not located on direct routes. Non-drivers have more constraints on activities than 
drivers, supporting the conclusion that people who are reliant on public transport 
experience relatively greater difficulty in undertaking key activities. 
2.5.2 Mode choice of shopping travel 
Mode choice also differs by travel purpose. As one of the most frequent trips. 
particularly for older people, shopping is particularly important. In this thesis, the 
study of mode choice is focused on the shopping travel of older people. There 
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have been some studies on mode choice for shopping travel. generally finding car 
driving to be the most frequently used mode. Gould et al. (1998) stated that in the 
U. K., although some shopping trips are made by foot, mass transit, or bicycle., the 
car accounts for more than 74% of shopping trips. Department for Transport 
(1996) also pointed out that trips for shopping are one of the major uses of the 
household vehicle. In the UK, 12% of all mileage and 20% of all car journeys are 
undertaken for shopping. These statistics should be interpreted with care. First, 
shopping trips are often combined with other types of travel, like the trip home 
from work (Bhat 1997). In some travel statistics, trips taken for multiple purposes 
are not cross-classified. Secondly, many shopping trips involve multiple stops, 
and there is some confusion as to whether these should be categorized as separate 
shopping trips. 
It is found that shopping mode choice is correlated with socio-economic variables, 
so shopping mode choice is not the same for different population sectors. The 
socio-economic variables influencing shopping mode choice include gender, 
employment status, and age. Handy (1996) compared shopping mode choice 
between men and women, and women from different household types. Household 
socio-demographic variables are found to have more significant effects on 
shopping mode choice than gender. Bhat (1998b) found that employed individuals 
are more likely to drive alone for shopping trips than unemployed individuals. 
Compared to younger people, those aged 60-65 are also more likely to drive alone 
for shopping, as was pointed by Schmöcker et al. (2006), but this trend reverses 
sharply for individuals aged over 65. People who are older than 65 are more likely 
to use public transport or walk instead. Whereas Schmöcker et al. ignored mode 
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choice for shopping trips chains, this research looks into older people's mode 
choice for shopping trips and trips following shopping trips on the same tour. 
According to London data, around 79% of shopping trips are shorter than 3.5 km 
(LATS, 2001). Rietveld (2000) pointed out that the share of short-distance trips is 
large (about 50% of all trips are shorter than 3.5 km) and in this range walking 
and biking indeed have modal shares of more than 50%. We might expect a 
modal share of more than 50% for walking and biking in shopping trips from the 
LATS data (London survey data described in Section 3.1.1). But according to the 
LATS data, a lot of walking only occurred within trip chains. The main mode 
choice for the majority of the trip chains starting or ending at the home, namely 
home-based tours, is the automobile or public transit; walking is used as a 
supplement to move from one shop to another. In Chapters 6 and 7, the analysis of 
mode choices for shopping and post-shopping attempts to explain this in terms of 
attributes and utility maximisation. 
2.5.3 Driving and public transport 
Much previous research has investigated on which mode choice satisfies older 
people best. Alsnih and Hensher (2003) suggested that some older people are able 
to meet their essential transportation needs because they have one or more of the 
following support networks: 
1. Spouses or others who drive 
2. Children living with them or nearby 
3. Sufficient financial resources to purchase transport services 
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4. Strong involvement in a religious institution. 
5. Communities well serviced by transportation options for non-drivers. 
6. Physical ability to use public transportation 
7. A reduction in their activities and expectations to better adapt to their 
present situation 
Despite the growing availability of support networks, such as Dial-a-Ride services 
in many cities around the world, there are an increasing number of individuals 
who find it more difficult to meet their transportation needs. A main reason for 
this is a reduction in the support networks 1-4 mentioned above, together with an 
increase in life expectancy and higher mobility requirements. 
Due to the advantages of driving, the increased availability of the car and the 
greater prevalence of driving licences, older people of this generation use car 
more frequently. Driving allows a more efficient use of time by the chaining of 
trips. The National Travel Survey (Department for Transport 2005b) shows that 
the average number of times drivers use their car is higher than the average 
number of times any other mode is used, suggesting that drivers make more trips 
and are thus more mobile than people using public transport or those who rely on 
lifts. 
Hildebrand (2003) reported that driving a car or riding in a car as a passenger is 
the most popular mode of transportation for older people. Rosenbloom (2001) 
pointed out that in the next three decades there will a huge increase in both the 
absolute number of older people and in their percentage of the population in all 
lov 
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Western European countries, North America, and Australia. Most older people 
will have active lifestyles in which mobility and access play a major role. and 
almost all older men and a majority of older women will be car drivers, able to 
benefit from the convenience and flexibility which the car provides. A USA-N ide 
telephone survey of Michigan drivers and former drivers aged 65 and older 
collected information on transportation mode choices, experience with 
alternatives to driving, and whether drivers planned for when they could no longer 
drive (Kostyniuk and Shope, 2003). Results showed that most older adult 
households owned at least one automobile, and that the automobile was the 
primary mode of transportation. Most former drivers obtained rides from relatives 
and friends. Use of public transportation was low, and some seniors were not 
aware of the availability of public transportation services. Older drivers did not 
plan for driving cessation. Over half the drivers who perceived a likelihood of 
driving problems within 5 years expected to keep driving beyond 5 years. 
Giuliano et al. (2003) and Stern (1992) argued that transit is less convenient than 
the private auto under most circumstances. Public transport is a more physically 
challenging mode of travel than car. Walking to and from stops, waiting and 
transferring, boarding and alighting vehicles all make transit use more difficult for 
those with limited physical stamina and ability. Older people will therefore prefer 
auto travel, and will compensate for physical limitations by travelling less, rather 
than shifting modes. Rosenbloom (2001a) stated that greater automobile 
dependency (measured in km travelled) among older people is witnessed in 
Europe, the United States and Australia. In Great Britain, which has the lowest 
driving license rates in Western Europe, the preferred mode of transport for the 
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65-75 age group and the over 75 age group is still the automobile, as either driver 
or passenger. Public transport and walking are not frequently used modes of 
transport for older people as a whole in many western nations. Adequate 
transportation alternatives (to the car) for older people do not exist in many 
western societies, due in part to a lack of understanding of the needs of this sub- 
group of the population, who require transport modes offering high levels of 
flexibility and accessibility like the automobile. 
Nonetheless, declining driving ability and financial constraints mean that many 
older motorists will have to adjust their driving practices and ultimately give up 
their car, as reported by Burkhardt (1999), so he or she will try to compensate for 
not driving by investigating and utilizing other modes of transportation. Both Rye 
and Scotney (2004) with Scottish data and Alsnih and Hensher (2003) with 
Australian data found that older people are often reluctant to give up driving 
despite losing their physical ability to drive. Despite the popularity of car driving, 
there is a role for public transport, with increasing transit use as individuals pass 
75 years of age (Alsnih and Hensher 2003). Schwanen et al (2001) confirmed 
most of these findings with Dutch data and further reported that those who used to 
commute by public transport are far more likely to continue using public transport 
for trips in old age, the counterpart to the persistence of car dependency into old 
age. 
Any or all of the following alternatives to car travel may be available: rides from 
family members, friends, and neighbours; public transportation or specialized 
paratransit; taxis; and walking. The preferred travel mode changes according to 
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destination. Some forms of paratransit are seen as potentially a great aid to older 
people, particularly if it provides a door-to-door service. Taxis are often 
considered expensive and are not perceived as a practical option for everyday 
travel. Asking for and accepting rides from family and friends is sometimes 
difficult for an older person, particularly a person raised in the tradition of 
independence and self-sufficiency. Rosenbloom (2001b) observed that responsive 
transit options might effectively substitute for some car trips for older people. It is 
also found out that a high proportion of the older population will be dependent on 
public transport, especially for older people who are older than 75. The bus 
accounts for most trips made by people not using a private car. Older people have 
more free time to use public transport. However, evidence suggests that many will 
experience difficulties in using traditional public transport for various reasons, 
including the need to walk to the stop and board the vehicle. In such cases, 
specialised transport services could offer a good alternative (Rosenbloom 2001 a). 
Giuliano et al. (2003) pointed out that the development of paratransit options may 
be effective strategies for addressing the mobility of older people. O'Mahony 
(1986) also suggested flexible transport services might be a possible solution for 
older people's travel in Ireland. Canadian experience suggests that specialised 
transit systems may be more cost effective when compared to updating aging 
transit networks to accommodate older people's travel needs (Rosenbloom 2001 a). 
But the 50-60 year olds are also sceptical about the applicability of community 
and voluntary transport schemes. Though they currently have little knowledge of 
such schemes, they feel that they will be unable to adjust to planning journeys a 
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long time in advance. The use of special door-to-door services appears to be 
relatively modest. But with improvements to responsiveness paratransit is a 
potential solution for older people's transport. In the next section, the literature on 
specialised transport services is reviewed. 
2.6 Specialised transport services (STS) 
After understanding older people's travel behaviour, we come to the second 
purpose of the thesis, namely how to provide suitable transport service for older 
people in order to satisfy their travel demands. Older people's driving ability is 
deteriorating with aging, while if they travel as a car passenger, they will lose 
their independency. So public transport is the choice of many older people. But 
traditional public transport has a lot of disadvantages, including the walking 
distance to the stop, transferring between stops, waiting time at stops, boarding 
vehicles, etc. Moreover, traditional public transport can not cover all areas. For 
example, within the UK, some socially necessary public transport services are 
withdrawn from low income housing estates (Grieco, 2004). Recently, specialised 
transport services have been evolving as another form of public transport to 
provide more suitable services for older and disabled people. The demand for 
special transport services has been a cause of studies on mode choice for older 
people. Various European Union funded projects and projects in Japan, Australia 
and the USA have looked at the uptake of special transport services among older 
people with respect to specific user needs (see (Enoch et al. 2004)) for a summary. 
Rosenbloom ( 2003) stated, "As people age, they first lose their ability to drive; 
they then use public transit if it is available; when unable to use public transit they 
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walk and, finally, unable to walk they use special transit services". She reported 
that in the USA older people are extremely dependent on the private car, either as 
a driver or a passenger. Older people make nearly 90% of all their trips in a car, as 
either a driver or a passenger. 
Some past research has looked at the choice between specialised transport services 
and traditional public transport. Stephens et al. (2005) looked at a variety of 
alternative transportation options that are intended to overcome some of the 
limitations and barriers associated with public transportation. Such services may 
be thought of as lying on a service continuum that includes categories such as 
stop-to-stop, curb-to-curb, door-to-door, and arm-to-arm. Benjamin et al. (1998) 
pointed out that to provide an efficient paratransit service, it is essential to study 
the travel demand and mode choice behaviour of the elderly and disabled. Their 
research develops a methodology to quantitatively evaluate the impact of 
paratransit services on a traveller's mode choice in Winston-Salem, North 
Carolina. They found that transit policy changes would have little effect on 
automobile driver and passenger shares; an improved reservation system and an 
increase in awareness of dial-a-ride services would produce shifts in mode share; 
and a free bus service reduces dial-a-ride share. Stern (1992) measured the factors 
affecting the demand for different types of transportation by elderly and disabled 
people in rural Virginia. He found that the paratransit system is more valued by 
transportation-handicapped people than taxis even with 100% subsidy for people 
with walking problems. This was explained that price had such a small effect on 
mode choice, the subsidy had almost no effect on transportation usage, the only 
group for which there was any effect was rural residents with a walking problem. 
54 
The level of service is important for the choice. Wilds and Talley (1984) analyzed 
the effect of transport system characteristics on an individual's choice between 
mass transit and Dial-a-Ride (a kind of paratransit) services. It was concluded that 
passenger perception of the reliability of dial-a-ride and bus transit and the 
accessibility of bus transit are primary factors. 
In addition to transport system characteristics, socio-economic variables also have 
significant effects on older people's mode choice. Franklin and Niemeier (1997) 
found a negative relationship between the choice of paratransit and income level, 
age, and fare difference between paratransit and transit. Furthermore, females are 
more likely to choose paratransit. Apart from paratransit, concessionary public 
transport is an important mode of the elderly. Stern (1992) found that travellers 
with physical disabilities are more likely to choose paratransit over transit, while 
the total number of trips taken is insensitive to mode availability and personal 
characteristics. Chen et al (2003) also found that car availability, fare and socio- 
economic group affect the preference for paratransit services. 
Rye and Scotney (2004) analyzed the factors influencing future concessionary bus 
patronage in Scotland. The findings show that number of elderly people who 
qualify for the concession and car ownership are among those factors that have 
the most influence on patronage. The model suggests no increase in concessionary 
ridership over the next 15 years, in spite of a strong growth in the eligible 
population. 
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Special transport services have been seen as complementary to traditional public 
transport. The Department for Transport (2001) reported that the participants of a 
focus group in the London Borough of Camden, who were all older than 60, 
rejected buses largely because the pavements were in poor condition and they 
were fearful of tripping. Moreover, driving was perceived as stressful and 
inconvenient because of parking restrictions, while Underground and mainline 
railway stations were inaccessible because of the steps and overcrowding. 
Additional barriers to bus use included poor punctuality and journey time 
unreliability, poor scheduling and lack of coordination with other bus services and 
trains, difficulties in boarding and alighting, sparse networks with low frequencies 
outside urban areas, and lack of seating and weather protection at bus stops. The 
dependence on public transport tends in part to be negatively linked to the 
availability of family members to cater for older people's transport needs. These 
focus group findings confirmed that mainstream public transport cannot fulfil all 
the requirements of older people, even with improved accessibility by introducing 
low floor buses, lifts in Underground stations, etc. In this situation, special 
transport services (STS) can play an important role in satisfying older people's 
travel demand. Mackenzie (1993) pointed out that specialized schemes have the 
long-term aim of integrating their services with conventional public transport. 
There are many different special transport schemes available for older people who 
have difficulty in using mainstream public transport. 
Even though the current modal share of STS is very small in most cities, several 
papers suggest that there is a growing potential for these services. MacKenzie 
(1993) estimated that 10-12% of the population has a mobility handicap causing 
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difficulties in using mainstream public transport. Around the world one can find a 
variety of STS provided by public, private and voluntary sectors. In many places 
there are more than one STS operating, for example a minibus dial-a-ride service 
organised by the local government in addition to a subsidised taxi service. The 
coordination of these schemes is an important way of providing better and more 
cost efficient services for older people. Experience shows that often STS fails 
after some time because it is not sustainably cost-efficient (Sutton 1992). 
Currently, there are only limited examples of good STS coordination. In the 
Florence Metropolitan Area, four different transport providers - ATAF, SITA, 
LiNEA and CAP - operate within the city, with different demand responsive 
transport services in six different areas (Ambrosino, Nelson, & Romanazzo, 2003). 
A private (charity) transport provider cooperates as well through the Flexible 
Mobility Agency for the provision of special services for disabled and elderly 
users. Japan has also been successful with the integration of a school bus into the 
community bus system in Yabu town (Inoi, Nitta, & Toko 2004). Although the 
cost increased, the community bus became more convenient through the 
integration. 
Forms of specialised transport services are quite diverse and differ in various 
areas. In London, there are a lot of services to satisfy older people's travel demand. 
London is spending considerable amounts of money on improving their public 
transport system to make it more accessible to those with mobility impairments. 
For example, public transport is subsidised in the form of "Freedom passes" for 
the over 60s and the disabled, which allow them to use all buses, tubes, trains and 
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trams within London free of charge during the off-peak period. Although 
mainstream public transport has been improved quite a lot, there are still some 
elderly who can not use it because of mobility impairments, so there are a range of 
STS. In combination with the London Boroughs, the Association of London 
Governments (ALG) provides subsidised taxi trips to those that qualify for the 
"Taxicard scheme". Door-to-door transport services by minibus operate 
throughout London. The largest of these is Dial-a-Ride, which is subsidised by 
Transport for London, but there are also other small-scale services which are 
mainly organised by charities or churches. For a small fare, the elderly and 
disabled can use this service for essential or leisure trips. 
Chapter 8 will describe London's STS in more detail, and show that the 
cooperation between them is quite limited. One example of coordination is the 
Newham Pilot Scheme (Bell et al. 2004). The aim of this two year pilot project 
was to improve door-to-door transport services through integration of the Dial-a- 
Ride service with the Taxicard scheme. The result was an improvement in service 
quality but the original budget was exceeded due to increase in demand for the 
more attractive combined service. The overspending led to a termination of the 
two year trial in 2004. 
STS is seen as one problem solver for older people's travel. Because of the 
diversity and complexity of STS in different areas, there has been little systematic 
investigation of STS. In this thesis, the London Borough of Camden is taken as a 
case study (see Chapter 8). 
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2.7 Conclusions 
Older people's travel behaviour is becoming increasingly important because of the 
aging population and older people's increased demand for mobility. This review 
has looked at the work to date on older people's travel behaviour. The evidence so 
far on how travel behaviour, in particular mode choice and trip chaining, responds 
to age-related changes in socio-economic, time and physical constraints is 
reviewed. The shopping trips of older people are shown to be both important and 
under-researched. By focusing on older people's shopping trips, this study looks 
at the ability of older people to exploit the logistical advantages offered by trip 
chaining. 
After understanding older people's travel behaviour, the next question is how best 
to satisfy older people's travel demand. The literature on the modes available, the 
age-related barriers to their use, and the preferences of older people are reviewed. 
The role for Special Transport Services (STS) as car use becomes more difficult 
and conventional transit becomes less accessible is highlighted. Potential 
synergies between the various forms of STS, as well as between STS and 
conventional transit, are mentioned. 
59 
3 Data and methodology 
This chapter introduces datasets and methodology used in this thesis. While the 
main dataset used is the London Area Travel Survey 2001 (LATS), there are also 
other datasets. The methodology is composed of qualitative and quantitative 
methods. Quantitative methods include ordered probit and various discrete choice 
models. Qualitative methods include descriptive statistics and focus groups. More 
details are provided in the following sections. 
3.1 Data for travel behaviour of older people 
In order to better study people's travel behaviour, many governments and other 
organizations are surveying travel regularly. Travel data for older people can be 
extracted from these. In this thesis, the focus of analysis is on older people in 
London. The main database is LATS 2001 (London Area Travel Survey). Another 
data set is the NHTS (National Household Travel Survey), a US Department of 
Transportation (DOT) effort sponsored by the Bureau of Transportation Statistics 
(BTS) and the Federal Highway Administration (FHWA) to collect data on both 
long-distance and local travel by the American public. 
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3.1.1 London Area Travel Survey 
The main database used in the study is an interim version of the London Area 
Travel Survey 2001 (LATS), made available by Transport for London (TfL). In 
June 2000, Research International (RI) was commissioned by Transport for 
London (TfL) to carry out the household interview component of the 2001 
London Area Transport Survey (LATS). The LATS data was designed to be used 
to plan and predict the demand for roads and public transport services in London, 
and it updates similar surveys conducted in 1991. The survey includes four main 
datasets for each individual: Household information; personal information; details 
on vehicles owned by the household; and trip details of all trips made on one 
weekday. All interviews were done on a personal basis and the respondents were 
asked to fill in a one-day interviewer-administered trip recall questionnaire. In 
addition, respondents were invited to complete a trip diary for one day during the 
following week. 67,252 individuals from 29,973 households throughout the 
Greater London Authority and some neighbouring districts were interviewed. 
From the trip recall interview, 176,453 trips were recorded. LATS data only 
includes trips in and around London and does not include holiday trips outside the 
region, so our analysis excludes a potentially large source of trips made by older 
people. Unfortunately, this data set does not include trips made on weekends, so 
only data about weekdays trips are available. 
From the data set, we extracted records for all persons aged 65 or older. In this 
survey, 9109 older people were interviewed with samples spread all over London. 
Among those older people interviewed, 6406 persons made at least one trip on the 
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day surveyed. Although quite few of them made working trips, most older people 
remain active travellers. 2703 older people did not make any trip on the day they 
were interviewed. 
The analysis of trip sequence and mode choice in this study is based on shopping 
travel. Not all individuals interviewed made a shopping trip on the survey day, so 
only 21,479 shopping trips made by 16,387 individuals could be used for 
shopping travel behaviour analysis. For our analysis only trips with "destination 
purpose shopping" are extracted. In total LATS distinguishes 13 trip destination 
purposes, in particular whether the trip is homebound, work related, in order to 
drop off or pick-up a person, for `recreational and leisure purposes', in order to 
4 use services, or for `shopping purposes'. This means that a further disaggregation 
of the shopping purpose is not possible but trips such as those to the post office, 
bank or the hairdresser which do not include carrying goods back are excluded as 
they fall under `use services'. In these records, shopping travel made by older 
people is the focus. 
Based on the data set, three aspects of trip characteristics are investigated: trip 
chain complexity (number of stops per tour), trip sequence (with respect to trip 
purpose) of shopping tours, and mode choice for shopping tours. Different models 
are set according to the three aspects of trip characteristics. The choice of 
variables for potential inclusion in these models was guided by previous research. 
Five broad sets of variables were considered; individual characteristics, household 
characteristics, level of service of the transportation system, trip based 
characteristics, and the index of Multiple Deprivation 2004. Individual 
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characteristics include gender, age, difficulty of travel, driving licence possession, 
freedom or discounted travel pass possession, Taxicard possession, retirement, etc. 
Household socioeconomic characteristics considered in these models include car 
access, household income, the number of household members, household location 
(inner or outer London), household structure (single parent, all pensioners. 
married without children, married with children) etc. Trip-making characteristics 
included in different models are varied as well. Level of service of the 
transportation system is provided by Transport for London and includes public 
transport stop density, headway, and destinations served directly for Underground, 
bus, national railway and Docklands Light Railway (DLR). 
3.1.2 Other datasets 
The National Household Travel Survey (NHTS) is a US Department of 
Transportation (DOT) effort sponsored by the Bureau of Transportation Statistics 
(BTS) and the Federal Highway Administration (FHWA) to collect data on both 
long-distance and local travel by the American public. The joint survey gathers 
trip-related data such as mode of transportation, duration, distance and purpose of 
trip. ýIt also gathers demographic, geographic, and economic data for analysis 
purposes. It includes demographic characteristics of households, people, vehicles, 
and detailed information on daily and longer-distance travel for all purposes by all 
modes. NHTS survey data are collected from a sample of US households and 
expanded to provide national estimates of trips and miles by travel mode, trip 
purpose, and a host of household attributes. The NHTS was conducted using 
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Computer-Assisted Telephone Interviewing (CATI) technology. Each household 
in the sample was assigned a specific 24-hour "Travel Day" and kept diaries to 
record all travel by all household members for the assigned day. A 28-day "Travel 
Period" was assigned to collect longer-distance travel (over 50 miles from home) 
for each household member, and includes information on long commutes, airport 
access, and overnight stays. The assigned travel day was the last day of the 
assigned travel period. 
The NHTS contains data on roughly 642,000 trips made by over 65,000 
households. This was a detailed survey based on travel diary data as well as 
detailed demographic data for both individuals and households, as well as their 
residence locations. I The dataset was designed to be representative of the US 
population. Our focus is on the subset of individuals who are aged 60 and over. 
NHTS dataset is used to analyse older people's trip chain complexity for 
comparison with London data, the results of which are presented in Chapter 4. 
Postcode specific information on public transport service quality in London was 
provided by TfL. This additional dataset could be matched with the three-digit 
post code in the LATS data, and allowed us to specify bus stop density (defined as 
bus stops per road length (km)), underground stop density (defined as 
underground stops per road length); bus and Underground service destinations 
served directly (based on the number of stops served by the routes passing 
through the given postcode); and bus and Underground headway (based on 
average waiting time between two services). Since the literature shows that 
For a full description of the methods and a copy of the survey instrument see 2001 : \'HTS ('sers 
Guide http: , hhts. ornl. gov/2001, usersguide index. shtml 
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especially older people associate a high cost with having to change buses (Nitta. 
1998), we further analysed how many bus stops outside each postcode district can 
be reached directly without interchanges as a proxy for bus service quality. As a 
second proxy for the bus service quality, we included the bus headway defined as 
the average waiting time between two services from the same bus stop. The 
limitation of these variables for specifying relative accessibility is based on the 
rather large spatial units of three-digit postcodes, which can contain several 
thousand households. Therefore significant microscale local variability in 
accessibility is missed. As pointed out by Hensher (2007), local accessibility 
down to kerb stones etc. is very important for older people. He argued that roads 
and pavements should be better adapted to the needs of the elderly, including 
larger signage with less but crucial information etc. 
The new Index of Multiple Deprivation 2004 (IMD 2004) is also used as a set of 
independent variables in the analysis of shopping tour mode choice. The Index of 
Multiple Deprivation 2004 is established by the Social Disadvantage Research 
Centre at the Department of Social Policy and Social Research of the University 
of Oxford. IMD 2004 is a Super Output Area (SOA) level measure of multiple 
deprivation and is made up of seven SOA level Domain Indices. The model of 
multiple deprivation which underpins the IMD 2004 is based on the idea of 
distinct dimensions of deprivation which can be recognised and measured 
separately and are experienced by individuals living in an area. People may be 
counted as "deprived" in one or more of the domains depending on the types of 
deprivations that they experience. The overall IMD is conceptualised as a 
weighted area level aggregation of these specific dimensions of deprivation. 
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Conventionally, the measurement of social exclusion tends to rely on indicators of 
multiple deprivation, for example, within the UK the most widely used measure of 
social exclusion is the (former) Department of the Environment, Transport, and 
the Regions 'Index of Local Deprivation'. 
The new IMD 2004 contains measures of deprivation which relate to "income'". 
"employment", "health deprivation and disability", "education, skills and 
training", "barriers to housing and services" and finally "living environment and 
crime". There are further two supplementary indices: "Income Deprivation 
Affecting Children" and "Income Deprivation Affecting Older People" which are 
subsets of the Income Domain. 
The deprivation data is at the SOA level. But the data from LATS is at the level of 
three digit postcode. In order to correlate the two datasets, the IMD indices for 
SOA are aggregated to arrive at indices for the larger three digit postcode level 
weighting by population as follows: 
IMDsoA * POPScýA 
IMDPC. = 
SOAePC PoPPC 
where the SOA areas are within the postcode area (PC), POP stands for 
population. After correlating these databases, trip records of older people with 
missing variables are excluded. 
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3.2 Methodology framework 
In transport field, combining quantitative and qualitative approaches gives more 
insights than each approach individually, so both qualitative and quantitative 
methods are used in this thesis. The overall methodology framework is shown in 
Figure 3-1. 
The structure of the thesis is composed of two sections, respectively 
understanding and satisfying older people's travel demand. In understanding older 
people's travel, both qualitative and quantitative methods are used. Their travel 
characteristics are analyzed by qualitative methods to find out interesting points; 
then quantitative methods are used to estimate the size and significance of effects. 
In this study, trip chain complexity (the number of stops per tour) is investigated 
by ordered probit models. Trip sequence and mode choice are estimated by 
discrete choice models, including multinomial logit, nested logit, mixed logit and 
dogit models. 
Regarding satisfying older people's travel demand, only qualitative methods are 
used, since available datasets are not large enough for quantitative analysis. Older 
people's travel demand could be satisfied through various transport services in 
addition to their own private transport, including traditional public transport, 
special transport services etc. The focus of this study is the role of special 
transport services. Through literature review and local investigation, the general 
situation of special transport services available in the London Borough of Camden 
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is looked into as a case study. A new pilot scheme - ScootAbility - is evaluated by 
travel diary and focus group. The results are then analyzed by descriptive statistics. 
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Figure 3-1 Methodology Framework 
3.2.1 Ordered probit model 
Focus groups 
In order to understand the relative effects of various attributes on trip chain 
complexity (the number of stops in one tour), ordered probit models are used. 
When the dependent variable takes more than two values, but these values have a 
natural ordering, the ordered probit model would be appropriate. It would be 
inappropriate to use the multinomial logit model because this model does not 
account for the ordering of the dependent variable. Further, a regression model 
would not be appropriate because it assumes differences between categories of the 
dependent variable to be equal, whereas the data are only ordinal. The results 
would be substantially different if ordered dependent variables are analyzed usin<-, 
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linear regression instead of ordered probit regression (Zaboina and McKelvey, 
1975; Khattak et al., 1992). 
In this situation, although the interval between 0,1,2,3,4... stops looks equal, 
they are indeed different. For example, the difference between 0 stop and 1 stop is 
much greater than between 5 and 6, at least in terms of accessibility, so here the 
ordered probit model is more appropriate than the linear regression model. 
The ordered probit model has the following general structure: 
y* =xß+£ (3.1) 
where y* is a latent variable measuring accessibility in our models. As an example, 
cut points can be defined as follows: 
0 if -c<_Y* :! ý P, 
1 if , u, <y< , u2 
y= (3.2) 
m if , un, _, 
<y< o0 
The 
, u; are unknown parameters 
to be estimated and ß is the partial change in y* 
with respect to X which means that for a unit change in X, y* is expected to 
change by ß units, holding all other variables constant. Maximum-likelihood 
estimation is used to estimate the coefficients (ß) and the cut points (1c; ). The 
constant term is absorbed into the cut points. 
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The threshold values , u; are parameters to be estimated, as are the unknown 
coefficients vector P. The following probabilities result from the assumption of 
normal distribution (D for accessibility: 
Pr ob[y1 = 0] = (D(u1 - fix) - (D 
(- ßx) 
Prob[y, =11= ICu2 (D ("I 
Prob[yt = m]= ýýClm ßX)-ý m-1 Nx) 
(3.3) 
where , u,,, and p, n_, 
denote the upper and lower threshold values for category m. 
The constants and other threshold parameters indicate the range of the normal 
distribution associated with specific values of the explanatory variables. The 
unknown coefficients vector ß represents the effect of changes in each 
explanatory variable, holding other variables unchanged. These parameters 
indicate the relative importance of each variable in determining the number of 
stops per tour. Greene (2000) provides a detailed discussion of this model. 
3.2.2 Description of Discrete Choice Models 
After the number of stops per tour, trip sequence and mode choice are analysed. 
Discrete choice models are used for the analysis. 
Discrete choice models have played an important role in transport modeling for 
the last several decades. A discrete choice model predicts a selection (mode 
choice, route choice, etc. ) from a finite choice set made by an agent (individual, 
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household, etc. ) as a function of any number of variables. In order to develop 
models capturing how individuals are making choices, we have to make specific 
assumptions. Bierlaire (1997) categorised the assumptions as follows: 
1. The decision-maker: these assumptions define who the decision-maker is, 
and what are his/her characteristics; 
2. The alternatives: these assumptions determine what the possible options of 
the decision-maker are; 
3. The attributes: these assumptions identify the attributes of each potential 
alternative that the decision-maker is taking into account to make his/her 
selection; 
4. The decision rules: these describe the process used by the decision-maker 
to reach his/her choice. 
Different sets of assumptions about the rules used by the decision-maker can lead 
to a different family of models. Bierlaire (1997) described three theories on 
decision rules, including the neoclassical economic theory, the Luce model and 
the random utility models, designed to capture uncertainty. 
Discrete choice models are usually derived under an assumption of utility- 
maximizing behaviour by the decision maker. As one form of discrete choice 
models, random utility models assume that the decision-maker has a perfect 
discrimination capability but incomplete information, so uncertainty must be 
taken into account. 
71 
3.2.2.1 Random Utility Model 
Random utility models (RUM) were developed in the attempt to characterize 
observed inconsistencies in patterns of individual behaviour. Manski (1977) 
identified four different sources of uncertainty: unobserved alternative attributes, 
unobserved individual attributes (called "unobserved taste variations" by Manski 
(1977)), measurement errors, and proxy or instrumental variables. 
Random utility models take a realistic view of the decision-making process 
involved in making a decision. These models are based on random utility theory, 
which posits that the benefit an individual receives from a given activity is 
observable by analysts with some degree of uncertainty. A RUM estimates the 
probability that an individual will make a travel choice, depending on the 
characteristics of that choice, the characteristics of the available substitutes and 
the individual's characteristics. The RUM can accommodate the fact that each 
person has a different choice set of travel opportunities. This choice set is based 
on factors such as the individual's income, car ownership, household location, etc. 
In this thesis, RUMs can be used to estimate both the mode choice and the trip 
sequence in a trip chain. 
RUMs are estimated using the method of maximum likelihood. That is, given the 
characteristics of all options available to the traveller, the model estimates 
coefficients that maximize the likelihood that we would observe the actual choices 
of our sample of travellers. The resulting coefficients show the relationship 
between the probability of selecting an option and its characteristics. Once ww e 
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have these coefficients, we can estimate the probability of an individual choosing 
any given option as a function of option characteristics. 
The utility is modeled as a random variable in order to reflect this uncertainty. 
More specifically, the utility that individual n is associating with alternative i is 
given as follows: 
Uni V l- + £ni (3.4) 
where iEC and C is a finite set of alternatives, n E=- N and N is a finite 
population of decision makers, V,, is the deterministic part of the utility, and s,, 
is the stochastic part, capturing the uncertainty. The joint density of the random 
vector is f (ýn) =f (ýn, ,, ýn, ) The alternative with the highest utility is 
supposed to be chosen. Therefore, the probability that alternative i is chosen by 
decision-maker n within choice set C is 
P; =P(Un! 
! U, 
1'VJ# 
l) 
= P(Y 
ni 
+ 6nß >Y 
nj 
+ £nj dJ 
= P(Enj -Cn' ý Vni -Vnj 
bJ 
(3.5) 
= 
JI(Enj 
-£nr < Yni -Ynj 
Vi # Of (en)den 
where I(. ) is an indicator function, equalling 1 when the expression in 
parentheses is true and 0 otherwise. This is a multidimensional integral over the 
density of the unobserved portion of utility, f (c) . Train (2002) pointed out 
different discrete choice models are obtained from different specifications of this 
density, that is, from different assumptions about the distribution of the 
unobserved portion of utility. 
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The integral takes a closed form only for certain specifications of f (). 
Multinomial logit and nested logit have closed-form expressions for this integral. 
They are derived under the assumption that the unobserved portion of utility is 
independently and identically distributed extreme value type 1 and a type of 
generalized extreme value, respectively. Mixed logit is based on the assumption 
that the unobserved portion of utility consists of a part that follows any 
distribution specified by the researcher plus a part that is independently and 
identically distributed extreme value type 1. With mixed logit, the resulting 
integral does not have a closed form and is evaluated numerically through 
simulation. Probits are based on the assumption that the unobserved factors are 
distributed jointly normal. 
3.2.2.2 Multinomial logit model (MNL) 
Under the random utility interpretation the alternative with the highest utility is 
assumed to be chosen. Therefore, the probability that alternative i from choice set 
C is chosen by decision-maker n is equal to 
P(i C) = P(U, n 
ý Urn 
,VjE 
C) 
(3.6) 
If the error terms are independently and identically Gumbel distributed, with 
location parameter 0 and scale parameter, u, according to the multinomial logit 
model the probability that a given individual will choose alternative i is given by 
e" 
f (ni) = 
eu Vnj 
JE« 
(3.7) 
The unobserved factors are uncorrelated over alternatives, as well as having the 
same variance for all alternatives. This assumption, while restrictive, provides a 
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very convenient form for the choice probability. An important property of the 
multinomial logit model is the Independence from Irrelevant Alternatives (IIA). 
This property can be stated as follows. The ratio of the probabilities of any tu o 
alternatives is independent of the choice set. The IIA property of MNL models 
essentially says that the odds ratio, P,, / Pnk' J-k, is independent of all other 
alternatives, and independent of additions to, and deletions from, the full choice 
set. However, the assumption of independence can be inappropriate in some 
situations, such as the famous red-blue bus example (Ben-Akiva and Lerman, 
1987). 
The development of other models has arisen largely to avoid the independence 
assumption within a multinomial logit model. Generalised extreme-value models 
(GEV) are based on a generalization of the extreme-value distribution. The 
generalization can take many forms, but the common element is that it allows 
correlation in unobserved factors over alternatives and collapses to the logit model 
when this correlation is zero. Depending on the type of GEV model, the 
correlations can be more or less flexible. For example, a comparatively simple 
GEV model places the alternatives into several groups called nests, with 
unobserved factors having the same correlation for all alternatives within a nest 
and no correlation for alternatives in different nests. 
3.2.2.3 Nested Logit Models 
The nested logit model is an extension of the multinomial logit model designed to 
capture correlations among alternatives. It is based on the exclusive and 
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exhaustive partitioning of the choice set C into several nests 
Ck 
. The utility 
function of each alternative l is composed of a term specific to the alternative i. a 
term associated with the nest 
VC'k 
and a random term: 
U; = V, + V(k .+ ei (3.8) 
The nested logit model is obtained by assuming that the unobserved utility 
'6 = E, ) has a cumulative distribution (Train, 2002): 
K 
Ak 
fýE)=exp -Y, 
Ye-E, I Ak 
k=1 iECk 
(3.9) 
For any two alternatives J and m in nest 
Ck 
, 
£1 is correlated with Ein . For any two 
alternatives in different nests, the unobserved portion of utility is uncorrelated. 
The parameter Ilk is a measure of the degree of independence in the unobserved 
utility among the alternatives in nest k. A higher value of k means greater 
independence and less correlation. When 
Ak 
=1 for all k, representing 
independence among all the alternatives in all nests, the nested logit model 
reduces to the multinomial logit model. The value of k must be within a 
particular range for the model to be consistent with utility maximizing behaviour. 
If 2kVk is between zero and one, the model is consistent with utility 
maximization for all possible values of the explanatory variables. For ''k greater 
than one, the model is consistent with utility-maximizing behaviour for some 
range of the explanatory variables but not for all values. A negative value of 
/k is 
inconsistent with utility maximization and implies that improving the attributes of 
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an alternative (such as lowering its price) can decrease the probability of the 
alternative being chosen. 
Following Ben-Akiva and Lerman (1987), we can express the nested logit model 
choice probability as a product of marginal and conditional choice probabilities. 
For the two-level choice problem, the nested logit model is written as: 
eVi lAk Pý'k l (: k (-'k 
eVi 
/k 'P: 
Ck 
where 
Ik = in I ev' 
I 
JE('k 
CA +2klk 
e 
Ke vc1 +A', / 
(3.10) 
(3.11) 
and /11,1 is the expected utility that a decision-maker receives from the choice 
among the alternatives in nest 
Ck 
3.2.2.4 Mixed Logit Models 
The mixed logit model allows the unobserved factors to follow any distribution. 
The defining characteristic of a mixed logit is that the unobserved factors can be 
decomposed into a part that contains all the correlation and heteroscedasticity, and 
another part that is independent and identically distributed (IID) extreme value 
type 1. The first part can follow any distribution, including non-normal 
distributions. 
Mixed logit is a highly flexible model that can approximate any random utility 
model (McFadden and Train, 2000). It obviates three limitations of standard logfit 
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by allowing a) for random taste variation b) unrestricted substitution patterns and 
c) correlation in unobserved factors over time. Unlike probit, it is not restricted to 
normal distributions. Its derivation is straightforward, and simulation of its choice 
probabilities is computationally simple (Hess et al., 2004). 
Mixed logit probabilities are the integrals of standard logit probabilities over a 
density of parameters. Stated more explicitly, a mixed logit model is any model 
whose choice probabilities can be expressed in the form 
Pni = 
JL, (ß)f(ß)dß (3.12) 
The set of parameters, ß enter the logit formula and have densities f (8). If the 
utility is linear in P, the utility person n is gaining from alternative i is specified 
as 
Uni = ß, xn1 + End (3.13) 
In this case, the mixed logit model probability is therefore: 
e ßX, Pn; = Ließx .f (ß)dß (3.14) 
The standard MNL model is hence a special case where the mixing 
distribution f (ß) degenerates at fixed parameters b: f (ß) =1 for 8=b and 0 for 
ß# b. 
The density of 8 can be specified to be normal with mean b and covariance co. 
The choice probability under this density becomes 
m 
Pn; = 
J[e' e 0(ßbco)diß (3.15) 
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where b and co can be estimated. A lognormal, uniform, triangular, gamma, or any, 
other distribution can be used. 
3.2.2.5 Dogit Model 
Traditionally a discrete choice modelling exercise would be tackled using the 
multinomial logit model. The MNL model is computationally tractable, but it does 
have strong assumptions, in which an important property is the Independence 
from Irrelevant Alternatives. In many instances this appears to be an unrealistic 
assumption. So further research has focussed either upon computationally 
intensive estimation methods that allow for the estimation of more flexible 
discrete choice models, such as the multinomial probit or random parameters logit 
models, or upon developing computationally tractable and flexible functional 
forms for discrete choice models. For example, Generalized Extreme Value (GEV) 
class of models stemmed from McFadden's (1978), such as the nested logit model, 
could partly release the IIA restriction. Another way to improve MNL is about 
choice set generation. Choice set formation is viewed as the process of 
establishing the set of feasible alternatives available to an individual decision- 
maker. The factors that establish the choice set can be identified by the 
interconnections between the individual and his or her environment, as well as 
self-imposed restrictions. The dogit model is able to cope with a particular form of 
choice set heterogeneity in discrete choice data, where some individuals are 
captive to certain alternatives. This form of choice set heterogeneity is likely to be 
important for older people. 
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Fry and Harris (2002) pointed out that the heterogeneity of particular choices, 
inherently attracts individuals to them, in addition to that determined by the 
individual's observed characteristics. Such heterogeneity of choices may well 
result in a pronounced multi-modal distribution of responses. In this study, it is 
supposed that some mode choices have particular attractiveness for older people 
over and above that determined by the individual's observed characteristics. So a 
Dogit model could be estimated to analyze the data set. 
The Dogit model of Gaudry and Dagenais (1979) appears attractive for many 
modelling instances, as its probabilities expand on the MNL so avoiding the IIA 
property. 
p; /Pl _ 
+ 9; evi 
1 
(3.16) 
eV' +0,1]e vI 
Equation (3.16) implies that, if B, and Bj differ significantly from zero, the 
introduction of a new alternative will in general change the relative probabilities 
of other alternatives (these are one-sided tests, due to the constraint that 
Oj >_ 0, Vj =1,..., J ). These parameters are most easily interpreted as "captivity", 
"loyalty", "gravity" or "preference" coefficients, so the Dogit model allows 
individuals to be captive to particular choices. Indeed, it is this aspect of the Dogit 
model that makes it so appropriate for multi-modal data such as digit preferencing 
where individuals tend to gravitate to integers in multiples of 5 and 10. In this 
study, it is believed that some older people exhibit captivity to certain modes, 
depending perhaps on the form of physical disability. 
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Captivity parameters, to ensure a proper probability density function, must be 
strictly greater or equal to zero. However, in practice some (or all) of these may be 
freely estimated to non-zero, zero or restricted a priori to be zero. In this study, a 
standardized Dogit model is defined, which requires that the captivity parameters 
are greater or equal to zero. The respondent is therefore either captive to an 
alternative or is free to choose from the full choice set according to a Multinomial 
Logit (MNL) model. 
Swait and Ben-Akiva (1987a) stated that the Dogit model, which obviates the IIA 
(independence from irrelevant alternatives) difficulty without losing the intuitive 
and practical appeal of the logit format, allows IIA to hold for some pairs of 
alternatives without simultaneously destroying itself as a distinct model for the 
rest of the alternatives considered. Swait and Ben-Akiva (1987b) also argued that 
in many data sets, some alternatives have a certain inherent attractiveness. If the 
variable of interest strongly embodies such captivity (or digit preferencing, brand- 
loyalty or disability impaired choice), this could well be evidenced by a multi- 
modal distribution of observed outcomes (although this is not necessarily the 
case). Where there is captivity in the variable of interest, a model that can account 
for this is the Dogit model. 
The Dogit model has been applied in practice in some studies, for examples, see 
Gaudry and Wills (1979), Gaudry (1980), Tse (1987), Bordley (1990), Kannan 
and Yim (2001), Chandrasekharan, McCarthy and Wright (1994), Fry and Harris 
(2002). Gaudry (1980) compared the dogit and logit specifications of a mode 
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choice model using Montreal data on transit and car trips. Box-Cox 
transformations of the explanatory variables are used. The dogit specification is 
confidently rejected by using likelihood ratio test. Box-Cox parameter values 
imply either a linear or a multiplicative form of utility function (or something in 
between), enabling model form to be subjected to a significance test. In this case, 
it was found that the logit model worked better than the dogit model if the correct 
transformation of the explanatory variables is used. It was concluded that 
consumers were not captive to either mode from the sample. And the model could 
be interpreted either as a discrete choice or as a market share model. 
Consistent with the approach in Manski (1977), the Dogit model can also be 
conceptualized as arising from a two part choice process (Fry and Harris, 2002). 
Manski showed that the discrete choice problem is comprised of two components: 
a choice set generation process and (conditional on choice set selection) an 
outcome selection process. In particular 
P( C)P (C) 
cca, 
(3.17) 
where B, is the set of all non-empty choice sets available to individual i, 
P. (jjC) is the probability that individual i chooses outcome j given that the choice 
set is C and P,. (C) is the probability that individual i selects choice set C. The 
number of choice sets available to an individual can in theory be very large. Thus 
researchers typically place some restrictions on the choice set generation process. 
For the Dogit model an individual is assumed either "captive" to one of the J 
outcomes or to choose from the full choice set. Therefore, the available choice set 
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faced by the individual, B, , comprises J+1 sets, J single outcome "captivity 
sets" and one set comprising all J outcomes from which "free choice" is 
(subsequently) exercised by the individual. The choice set generation process 
itself can be represented as a random utility maximization model with utilities 
given by 
U, k = V,. k + s, k 5' =1,..., n; k =1,..., J+1. (3.18) 
Under the assumptions that Elk are independent identically distributed extreme 
values, that exp(V, k) = Bk and the normalization that 9; j+, =1, the probability of 
individual i choosing a single outcome (captive) choice set is given by 
9. 
P, ý = l +Ylk_l 9k 
(3.19) 
For the outcome selection process the probability that an individual chooses the 
specified outcome j from a single outcome choice set is one and the probability 
that an individual chooses the specified outcome j from the full choice set is given 
by the standard RUM model that leads to the MNL. Thus, utilizing the Manski 
framework, the Dogit model is given by 
DOGIT 
_ 
el 1* 
MNL Pý 
1+k+1+k 
PL=1 
lkl 
- 
(3.20) 
PMNL is the MNL choice model. The first term on the right-hand side of the last 
equation is the probability of captivity to jEC, while 
1i 
is the 
l+Ik_lek 
probability of the decision-maker being free to choose from the full choice set C. 
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The parameterization of last equation illustrates a further boundary condition on 
the admissible range for the Oj values (in addition to 91 > OVj = 1,...., J ). In the 
limit, the proportion choosing outcome j in a sample must be greater or equal to 
the proportion given by the "captive" probability P, °p""` , where 
pDOG1r _ 
ejJ 
(3.21) 
1-ýlk=l0k 
Effectively, this places an upper bound on the admissible 9j values. In such a 
parameterisation, the 9's can be interpreted as "preference", "loyalty" or "gravity" 
parameters or alternatively heterogeneity of the outcome(s). 6, and 9j differ from 
zero for all alternatives, the introduction of a new alternative will in general 
change the relative probabilities of alternatives. Of course, it is possible to 
generalize the Dogit model further by allowing these gravity parameters to be a 
function of observed heterogeneity, indeed, this is the parameterised Logit 
captivity model of Swait and Ben-Akiva (1987b). However, this is not considered 
in this study, as the model is already deemed to be sufficiently heavily 
parameterized. As we do not parameterise the preference parameters but treat 
them as fixed constants, they can be thought of as representing unobserved 
heterogeneity of the outcome, the strength of which can (and is almost certain to), 
vary across alternative j, but be constant across individual i. 
At one extreme, if the pull of these gravity parameters is "large" for any particular 
outcome they are likely to dominate the ultimate choice probabilities for that 
outcome - irrespective of observed personal heterogeneity. At the other extreme, a 
zero 0 value for an outcome results in choice probabilities being driven solely by 
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observed heterogeneity. In between these extremes, choice probabilities are a 
combination of the two. 
In this study, the Standardized Dogit model is used, where the additional captivity 
parameters are greater or equal to zero. 
3.2.2.6 Box-Cox transformation 
Gaudry (1993) stated that the classical linear logit model specification normally 
assumes: 
1) linearity in variables; 
2) the exclusion of characteristics of other alternatives jE C from the 
representative utility of the ith alternative (i (=- Cn ,i#j); 
3) equal "abstract" or "generic" coefficients for the network characteristics, a 
constraint that is not necessary but is frequently imposed. 
These assumptions lead to unrealistic properties. 
Nonlinear forms of the independent variables may be introduced by using Box- 
Cox transformations on them. A positive independent variable X is transformed 
by Box-Cox as follows: 
ln(X )ifs. =0 
(X -1) ifs, #0 
A 
(3.22) 
85 
The formula implies that the variable to be transformed must be strictly positive2. 
A is called the Box-Cox parameter associated with variable X. Numerically, the 
transformation is switched to the form ln(X) when AI < 10'. Many variables of 
the model may have the same Box-Cox parameter so they will be identically 
transformed. In this case, the parameter is said to belong to a group of variables. 
This transformation cannot be applied to the dependent variable which is a 
dummy variable. Note that when A is one, the model will be linear. However, as k 
tends to zero, the transformed variable tends to ln(X). If for independent variables, 
there appears to be a non-constant variance, a Box-Cox transformation might help. 
Mandel et al. (2002) compared the classical linear and the Box-Cox logit models. 
They stated that if one forces a nonlinear variable or inequality in the utility 
function to be linear, this will result in an over- or under-estimation of the 
probability related to this variable. Indeed, the non-linear Box-Cox form (i) makes 
the effect of a network improvement depend on the level of the characteristic, this 
means that the impact of a 10 minute change in travel time is not the same for a 
short and for a long trip; (ii) makes derived marginal rates of substitution between 
time and money (values of time) vary both across modes (due at least to different 
sample levels of the characteristics) and with the amount of time saved. The 
standard Box-Cox Logit therefore avoids much market segmentation used to 
obtain reasonable and variable trade-offs by distance, income, etc. Lapparent 
(2007) presents a Bayesian analysis of the choice of a mode of transportation for 
home to work trips in the San Francisco bay area using a random nested logit 
2 In practice, replacing 0 by a small value is often done when a variable has a few zeroes; 
alternatively, the addition of a dummy variable can compensate for the shift at 0 and guarantee the 
invariance of the transformation to changes in units of measurement of a variable that is 
transformed but contains some zeroes (but is not a dummy variable). 
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model in the presence of Box-Cox transformations. It is found that Box-Cox 
transformation on travel time in vehicle, travel time for the non-motorized 
transport mode and travel cost improves model performance. The advantages of 
Box-Cox transformation are confirmed in this study. 
In this study Chapter 7, Box-Cox transformations will be applied to speed, price 
and distance to see if there will be any improvements. 
3.2.3 Focus Group 
Camden and Islington, supported by Transport for London, intend to monitor and 
evaluate the ScootAbility scheme. Focus groups, as a form of qualitative 
investigation, are used to evaluate and monitor ScootAbility. A series of in-depth 
focus groups were convened to investigate older people's experience of using 
ScootAbility, understand any specific difficulties they may have, and explore any 
suggestions for improvements to provide better services and attract more users. 
3.2.3.1 The concept of focus groups 
Focus groups are not polls but in-depth, qualitative interviews with a small 
number of carefully selected people brought together to discuss specific topics 
(American Statistical Association, 1997). Focus groups generate data through the 
give and take of group discussion. Listening as people share and compare their 
different points of view provides a wealth of information-not just about what 
they think, but why they think the way they do. Unlike surveys in which a 
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representative sample of the population is selected for quantitative investigation. a 
planned sample is chosen for focus groups. 
Gibbs (1997) pointed out the main purpose of focus group research is to draw 
upon respondents' attitudes, feelings, beliefs, experiences and reactions in a way 
in which would not be feasible using other methods, for example observation, 
one-to-one interviewing, or questionnaire surveys. Focus groups are particularly 
suited for obtaining several perspectives about the same topic. However, there are 
limitations. Focus groups are limited in terms of their ability to generalise findings 
to a whole population, mainly because of the small number of people participating 
and the likelihood that the participants will not be a representative sample. Focus 
groups could not be replaced by quantitative methodology. Grundens-Schuck et al. 
(2004) listed the differences between focus group methodology and quantitative 
survey methodology as follows: Insight not rules; social not individual; 
homogeneous not diverse; flexible not standardised; warm not hot (the 
atmosphere of answering question is easy and comfortable rather than forcing) 
and words not numbers. 
Gibbs (1997) and Morgan (1988) recommended number of people per group 
usually be six to ten, however Gibbs (1997) noted that some researchers have used 
up to fifteen people or as few as four. Sessions usually last up to 2 hours. 
3.2.3.2 Focus group composition 
In order to ask older people's opinion about ScootAbility, focus groups are 
preferred to, for example, questionnaires. This is because focus groups can 
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investigate far better older people's perception of qualitative issues such as 
perceived benefits, limitations, and increased mobility. Further, especially for this 
population group, sending out questionnaires asking participants to describe their 
perceptions are not likely to lead to good response rates. A further advantage of 
focus groups is the stimulation in discussion between participants who have had 
similar experiences. 
The selection of participants for the focus groups tried to keep a balance within 
each group, neither completely homogeneous nor too heterogeneous. In total five 
focus groups were held and the size of the five focus groups ranged from 3 to 8, 
each of them lasted from 1.5 hours to 2 hours. More than one focus group was run 
because the outcome of any single session may not be representative and 
discussions can get sidetracked (Nielsen, 1997). The session is run by a moderator 
who maintains the group's focus. 
All focus group sessions in this study were held within Camden and Islington to 
ensure good accessibility for the participants. The groups were comprised of 
participants over the age of 55 who were specifically chosen to reflect differences 
in age, gender, ethnic origin, level of personal mobility and whether or not they 
participated in the ScootAbility scheme. The selection of participants is trying to 
keep members within one group neither completely homogeneous nor 
heterogeneous. Morgan (1988) argued that if a group is too heterogeneous, 
whether in terms of gender or class, or in terms of professional perspectives, the 
differences between participants can make a considerable impact on their 
contributions. Alternatively, if a group is homogenous with regard to specific 
characteristics, diverse opinions and experiences may not be revealed. Participants 
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need to feel comfortable with each other. Meeting with others whom they think of 
as possessing similar characteristics or levels of understanding about a given topic. 
will be more appealing to them than meeting with those who are perceived to be 
different. 
Chapter 9 summarizes the findings from these focus groups. By comparing and 
combining the results, the reasons for and limitations of Scooter usage become 
clear. Whilst these groups provide an insight into people's needs and perceptions 
of ScootAbility, it is important to remember that the comments pertain to a small 
number of participants and therefore are neither statistically reliable nor 
representative of the population as a whole. 
The empirical analysis is presented in Chapters 4 to 9. In Chapters 4 to 7, older 
people's trip chaining will be analyzed from three aspects: trip chain complexity, 
trip purpose sequence and mode choice (for shopping tours). In Chapters 8 and 9, 
specialised transport services including ScootAbility are investigated. 
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4 Trip chain complexity 
This chapter examines the relationship between the trip complexity of older 
people (60 years and older), as measured by the number of stops they make in a 
tour. The data used for this analysis is the trip-chaining dataset of the London 
Area Travel Survey (LATS), which is a comprehensive survey of travel behaviour 
in London, and the 2001 National Household Travel Survey, which is a similar 
survey of travel behaviour in the United States. Our focus is both on examining 
the effect of urban form, Inner or Outer London for LATS data, and the effect of 
disability conditions of older people on their travel. We break down the age 
cohorts into sub-groups that span the range of our population of those older than 
60. This helps in understanding distinctions between the travel of the "old-old" 
and the "young-old". A similar analysis is done for the NHTS data, but with 
different definitions used for some of the disability variables and with a different 
context of urban form, given the different population density in the United States. 
An ordered probit model is used to conduct a multivariate analysis of these effects 
on trip complexity. Our results yield some interesting findings with both 
similarities and differences in the travel behaviour of older people compared to 
the entire sample, as well as (not surprisingly) differences between behaviour in 
London versus the US as a whole. 
This chapter attempts to examine older people's travel behaviour from the 
perspective of trip-chaining. Trip chains are linked trips between various 
activities. These are seen as a behavioural response to reduce the high costs of 
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travel (such as due to congestion) and to efficiently serve various activities 
demanded by individuals. Our metric for examining trip-chaining activity is the 
number of stops on a specific tour, which serves as a measure of the complexity of 
the trip taken. 
This is done by developing an Ordered Probit model based on the number of stops 
each individual makes for their tours, while controlling for individual, household, 
transport, and factors associated with their location. The latter is our variable for 
residential location in Inner versus Outer London, 3 for the NHTS data we control 
for population density. We also include various travel disabilities. 
4.1 Data and Summary Analysis 
The analysis in this chapter uses the interim release of the London Area Travel 
Survey 2001 (LATS), made available by Transport for London (TfL); 2001 NHTS 
from the U. S. Department of Transportation is also used. From LATS data set, we 
extracted records for all persons aged 60 or older. Of this sub-sample 8,540 
persons made at least one trip on the day surveyed. A total of 21,090 tours with 
27,671 trips were recorded. Unfortunately, this data set does not include trips 
made on weekends, so only data about trips on weekdays are available. The 
NHTS contains data on roughly 642,000 trips made by over 65,000 households. 
3 Inner London is defined by the Boroughs of Camden, Greenwich, Hackney, Hammersmith & 
Fulham, Islington, Kensington & Chelsea, Lambeth, Lewisham, Southwark, Tower Hamlets, 
Wandsworth, Westminster, and the City of London. Outer London tends to have more dispersed 
travel patterns typical of suburban areas. 
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The definition of a tour for LATS and NHTS data for trip chain complexity 
analysis in this chapter is based upon the dwell time at a destination lasting at 
least 30 minutes. When dwell times were less than this, trips were defined as a 
tour with multiple stops. This was further defined based on Home or Work anchor 
points, such that when the trip returned to the same anchor point and there was 
only one stop, then this was not defined as a chained tour. The 30 minute dwell 
time definition was adopted by the US Federal Highway Administration (FHWA) 
and based on both analysis and expert opinion that the 30 minute cut-off was a 
reasonable definition (McGuckin et al. 2005, and personal communication from 
Nancy McGuckin). One of the benefits of this standardized definition is that it 
allows future analyses of these issues to be based on a similar definition. 
Table 4-1 shows the distribution of stops in the LATS dataset. This is for both the 
entire sample plus the sub-sample of those aged 60-74, and those aged 75 and 
over. We can see that in general older people have more average stops. The results 
also show that there is a difference between the "young-old" and the "old-old" 
populations with regard to trip complexity. It is in particular the young-old who 
make more complex trips, although Table 4-1 suggests even the old-old make 
more complex trips than younger people. In all cases the averages are, however, 
less than in the US data. For comparison, Table 4-2 shows the distribution of stops 
in the NHTS data. The disaggregation of the data is not strictly comparable. 
Older people appear to make more complex tours than younger people, with 
average stops being greater (0.449 vs. 0.380). 
Table 4-1 Distribution of number of stops for different age groups, LATS data 
r- 1 All 160-74 75+ 
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Number of 
stops 
Total 
cases 
Share of 
total 
Total 
cases 
Share of 
total 
Total 
cases 
Share of 
total 
0 113317 80.61% 11998 76.88% 4232 77.17% 
1 20974 14.92% 2655 17.01% 936 17.07° o 
2 4691 3.34% 704 4.51% 248 4.52% 
3 1142 0.81% 178 1.14% 52 0.95% 
4 303 0.22% 46 0.29% 13 0.24% 
5 101 0.07% 17 0.11% 1 0.02% 
6 36 0.03% 4 0.03% 1 0.02% 
7 8 0.01% 1 0.01% 0 0.00% 
8 8 0.01% 2 0.01% 1 0.02% 
9 1 0.00% 1 0.01% 0 0.00% 
10 2 0.00% 0 0.00% 0 0.00% 
Total tours 140583 15606 5484 
Average 
stops 
0.26 
0.32 0.30 
Table 4-2 Distribution of number of stops for different age groups, NHTS data 
all 60+ 60-74 75+ 
Number 
of stops 
Total 
Cases 
Share 
of 
Total 
Total 
Cases 
Share 
of 
Total 
Total 
Cases 
Share 
of 
Total 
Total 
Cases 
Share 
of 
Total 
0 313,588 72.5 47081 68.8 37789 68.9 11089 68.9 
1 89,932 20.8 15541 22.7 12329 22.5 3704 23.0 
2 19,553 4.5 3647 5.3 2950 5.4 838 5.2 
3 6,274 1.5 1321 1.9 1074 2.0 290 1.8 
4 2,054 0.5 464 0.7 389 0.7 92 0.6 
5 853 0.2 204 0.3 171 0.3 45 0.3 
6 294 0.1 85 0.1 68 0.1 20 0.1 
7 154 <0.1 31 0.0 25 0.0 6 0.0 
8 48 <0.1 16 0.0 15 0.0 2 0.0 
9 28 <0.1 8 0.0 6 0.0 2 0.0 
10 15 <0.1 2 0.0 2 0.0 1 0.0 
11 11 <0.1 4 0.0 2 0.0 2 0.0 
12 5 <0.1 3 0.0 2 0.0 1 0.0 
13 5 <0.1 2 0.0 1 0.0 1 0.0 
14 1 <0.1 0 0.0 0 0.0 0 0.0 
15 1 <0.1 0 0.0 0 0.0 0 0.0 
17 1 <0.1 0 0.0 0 0.0 0 0.0 
23 1 <0.1 0 0.0 0 0.0 0 0.0 
Total Tours 432,818 68409 54823 16093 
Average 
Stops: 
0.380 0.449 0.451 0.441 
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Table 4-3 to Table 4-8 show the tours for different household residential densities 
in the NHTS. These results suggest that as population density increases trip 
chaining decreases and tours become shorter, and the reliance on the private car 
decreases, as shown by the column that shows the share of tour miles by 
alternative mode. In Table 4-3 and Table 4-4 all tours are tabulated whereas in 
Table 4-5 and Table 4-6 only chained tours, as defined in the NHTS data, are 
selected. The results show a significant increase in the average mileage if one only 
considers chained tours (22.71miles compared to 13.27miles). These results are 
true for older as well as the total population. However, disaggregating the 
population by age (i. e. comparing Table 4-3 with Table 4-4 and Table 4-5 with 
Table 4-6) yields some further insights: Firstly, older people rely significantly 
more on their private car and this is in particular true for chained tours (except in 
areas with a population density between 500-1000 persons per sq. mile). 
Secondly, the average tour length of older people is shorter than the overall 
average. As tours of older people further tend to have more stops this further 
means that the average distance per tour link is shorter, although those older 
people in more densely populated areas seem to have longer tour links. Older 
people also have longer average tour miles by personal vehicle, which may 
suggest that the use of alternative modes is more difficult for older people. 
Table 4-7 shows the distribution of tours which have home as an anchor point. 
Interestingly the majority of tours with no stops have a non-home destination 
whereas most tours with one or more stops are circular tours where the traveller 
returns to his home. This suggests that most tours of older people are probably for 
recreational purposes or large shopping trips are not chained; or put another way 
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they, tend to have an activity-duration longer than 30 minutes, whereas smaller 
non-work trips (which often mean stopping for less than 30 minutes) are not 
chained to other major activities. 
Table 4-8 tabulates age cohorts and whether there is a mobility-impairing medical 
condition. Those with a medical condition typically make fewer work trips, 
which may simply be an association with the medical condition also preventing 
them from working. The fraction of their trips that are "other" trips, on average, 
is greater, though the difference is small. But this clearly shows that those with 
medical conditions which impair their mobility still engage in activities, even if 
they do not work. 
The literature review further suggests that household structure has a significant 
impact on trip chaining. Table 4-9 displays the breakdown of the number of stops 
made for some of the household categories of those 60 and over. Differences 
appear to be minor. Those not retired seem to make slightly more simple tours, 
compared to those who are retired. 
Clearly this data set has the potential to reveal many interesting insights. The next 
stage of our analysis investigates this in more detailed using a multivariate 
analysis with an ordered probit model. The method used was discussed in Section 
3.2.1. The results will be discussed in the following section. 
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Table 4-3 Trip characteristics for different residential population densities-All 
tours (including chained tours) (NHTS data) 
Population Per Square Mile in the 
Traveler's Home Census Tract 
Number of 
Observatio 
ns 
Average 
Total Miles 
Per Tour 
Average 
Distance per 
Tour Link 
Average Trips 
Per Tour 
Average Tour 
Miles in 
Personal 
Vehicles 
Average Tour 
Miles by 
Alternative 
Mode 
Share of Tour 
miles by 
Alternati, *e 
lode 
Less than 100 per sq. mile 73036 17.14 13.25 1.40 16.08 1.06 6.2 
100 - 500 per sq. mile 81325 14.77 11.73 1.38 13.25 1.52 103 
500 - 1000 per sq. mile 40714 13.96 11.08 1.39 12.28 1.68 1-10 
1000 - 2000 per sq. mile 54632 12.89 10.21 1.38 11.20 1.69 13.1 
2000 - 4000 per sq. mile 78177 11.73 9.21 1.38 10.56 1.18 10.0 
4000 - 10,000 per sq. mile 73760 10.81 8.51 1.38 9.48 1.33 123 
10,000 to 25,000 per sq. mile 20252 9.83 7.92 1.33 7.62 2.21 22.5 
25,000 or more per sq. mile 10922 9.45 7.74 1.32 4.43 5.02 51 1 
Table 4-4 Trip characteristics for different residential population densities-All 
tours (including chained tours) made by those aged 60 or over (NHTS data) 
Population Per Square Mile in the 
Traveler's Home Census Tract 
Number of 
Observatio 
ns 
Average 
Total Miles 
Per Tour 
Average 
Distance per 
Tour Link 
Average Trips 
Per Tour 
Average Tour 
Miles in 
Personal 
Vehicles 
Average Tour 
Miles by 
Alternative 
Mode 
Share of Tour 
miles bý 
Alternative 
Mode 
Less than 100 per sq. mile 12698 17.23 13.03 1.47 16.96 0.27 l. o 
100 - 500 per sq. mile 13047 14.56 11.27 1.45 13.14 1.12 9.7 
500 - 1000 per sq. mile 6752 13.93 10.65 1.45 12.04 1.89 13.6 
1000 - 2000 per sq. mile 9585 12.33 9.24 1.44 11.34 0.99 80 
2000 - 4000 per sq. mile 14419 11.15 8.36 1.45 10.66 0.50 4.5 
4000 - 10,000 per sq. mile 12392 10.29 7.98 1.44 8 94 1.35 13.1 
10,000 to 25,000 per sq. mile 3130 8.05 6.46 1.39 6.59 1.46 18.1 
25,000 or more per sq. mile 1534 8.08 6.51 1.38 5.12 2.96 36.6 
Table 4-5 Trip characteristics for different residential population densities- 
Chained tours only (NHTS data) 
Population Per Square Mile in the 
Traveler's Home Census Tract 
Number of 
Observatio 
ns 
Average 
Total Miles 
Per Tour 
Average 
Distance per 
Tour Link 
Average Trips 
Per Tour 
Average Tour 
Miles in 
Personal 
Vehicles 
Average Tour 
Miles by 
Alternative 
Mode 
Share of Tour 
miles by 
Alternative 
Mode 
Less than 100 per sq. mile 14266 30.00 12.30 2.60 27.5 2.5 8.3 
100 - 500 per sq. mile 15158 23.90 9.80 2.57 
21.9 2.0 8.4 
500 - 1000 per sq. mile 7697 22.50 9.20 2.58 
20.3 2.2 9.8 
1000 - 2000 per sq. mile 10097 
21.50 8.80 2.55 19.0 2.5 11.6 
2000 - 4000 per sq. mile 14504 
20.40 8.40 2.55 17.8 2.6 12.7 
4000 - 10,000 per sq. mile 13321 
18.80 7.70 2.55 16.3 2.5 13.3 
10,000 to 25,000 per sq. mile 3209 17.90 7.20 2.52 13.6 4.3 24.0 
d 
25,000 or more per sq, mile 1659 18.70 8.40 2.51 10.2 8.5 45.5 
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Table 4-6 Trip characteristics for different residential population densities- 
Chained tours only made by those aged 60 or over (NHTS data) 
Population Per Square Mile in the 
Traveler's Home Census Tract 
Number of 
Observatio 
us 
Average 
Total Miles 
Per Tour 
Average 
Distance per 
Tour Link 
Average Trips 
Per Tour 
Average Tour 
Miles in 
Personal 
Vehicles 
Average Tour 
Miles by 
Alternative 
Mode 
Share of Tour 
miles by 
Alternative 
Mode 
Less than 100 per s q. mile 2614 28.61 11.20 2.76 28.0 0.6 22 
100 - 500 per s q. mile 2617 22.73 
8.89 2.71 21.1 1.7 7.3 
500 - 1000 per s q. mile 1314 
24,84 10.14 2.78 19.1 5.8 23.2 
1000 - 2000 per s q. mile 1917 
21.90 8.47 2.63 19.9 2.0 92 
2000 - 4000 per s q. mile 2898 
20.12 7.89 2.66 19.2 0.9 47 
4000 - 10,000 per s q. mile 2413 
16.52 6.24 2.67 15.7 0.9 52 
10,000 to 25,000 per s q. mile 535 12.96 5.25 2.59 11.2 1.8 13.8 
25,000 or more per s q. mile 253 15.14 6.88 2.60 13.2 1.9 12 
8 
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Table 4-7 Numbers of stops for trips starting at home for those aged 60 or over 
(NHTS data) 
Trip Endpoint 
Number of 
Stops 
Home Other Work 
0 88 0.80% 19164 82.94% 2968 88.94% 
1 8038 73.33% 2744 11.88% 299 8.96% 
2 1662 15.16% 791 3.42% 50 1.50% 
3 696 6.35% 255 1.10% 12 0.36% 
4 251 2.29% 87 0.38% 6 0.18% 
5 132 1.20% 41 0.18% 2 0.06% 
6+ 94 0.86% 24 0.10% 0 0.00% 
Total 10961 23106 3337 
Table 4-8 Tour destination purpose by age and medical condition (NHTS data) 
Tour destination purpose 
Age 
Has a 
medical 
cond other work home 
no 0.39 0.14 0.46 
0- 60 yes 0.42 0.08 0.50 
no 0.41 0.11 0.48 
60 - 65 yes 0.46 0.05 0.50 
no 0.44 0.05 0.51 
66-70 yes 0.47 0.02 0.51 
no 0.45 0.03 0.52 
71 - 75 yes 0.48 0.01 0.51 
no 0.46 0.02 0.52 
76 - 80 yes 0.47 0.01 0.52 
no 0.47 0.01 0.52 
81 - 85 yes 0.49 0.00 0.51 
no 0.47 0.01 0.52 
85+ yes 0.50 0.00 0.50 
Table 4-9 Household structure and number of stops (NHTS data) 
Number of Stops 
Household Structure 0 1 2 3 4 5 6+ 
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Not retired Single, No children 72% 20% 5% 2% 1% 0% 0% 
Not retired 2+Adults, No children 72% 20% 5% 1% 0% 0% 0% 
With Children 70% 23% 5% 1% 0% 0% 0% 
Retired Single (No children) 67% 24% 5% 2% 1% 0% 0% 
Retired 2+ Adults (No children) 68% 23% 6% 2% 1% 0% 0% 
4.2 Results 
We present five models in Table 4-10 estimated from the LATS data using SPSS. 
Table 4-11 provides similar estimates based on the NHTS data using SPSS. These 
models differ in the treatment of several variables such as income and car 
ownership, as well as inherent differences between the two datasets, but our main 
focus is on the associations of travel disabilities and age with trip complexity as 
well as the land use (population density) variables. We discuss each group of 
variables as shown in Table 4-10 and Table 4-11. 
All the models include a categorical variable for the age cohorts, relative to those 
aged 60-65. These variables are interacted with a variable indicating that the 
respondent has a travel disability. Results show that regardless of travel disability 
or medical condition, trip complexity decreases with advancing age, especially 
after about age 70 in the US data and over age 85 in the London data. The `old- 
old' clearly have different behaviour than the `young-old'. One source of this 
could be their relative medical conditions. 
Model A in Table 4-10 contains a variable for having a travel-related disability is 
statistically significant with a positive sign. The equivalent model in Table 4-11 
contains a dummy variable for those indicating that their medical condition results 
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in less travel, however this is not significant either. Interaction with the age 
variables (in Model B for both tables) shows quite a bit of variation in how travel 
disabilities (or medical conditions) affect trip complexity for each age cohort. 
However, these results are inconclusive with some age cohorts being associated 
with more trip complexity when they are interacted with travel disabilities and 
others showing the opposite effect. For example, the 60-69 age group in the UK 
data has more trip complexity when there is a travel disability. The 66-70 age 
group in the US data has less trip complexity when there is a medical condition, 
but the 81-84 age cohort shows that those with medical conditions have more 
complex trips. In Model C (both tables) we add an additional set of variables that 
measures the details of how the stated disabilities affect their travel (which is 
different due to the difference in definitions and questions in each survey). In the 
London data, those who were recorded as having difficulty understanding had the 
least complex trips, followed by those with visual difficulties. Trip complexity is 
most negatively affected by those who must use Special Transport Services (e. g. 
paratransit) in the US data, which is not surprising. 
In the London data, (Models D and E) variables were included on whether it was 
possible for the respondent to use various modes of transport, all are insignificant. 
It was also expected that having a medical condition that requires giving up 
driving would have a negative effect on trip chaining, but this effect was found to 
be insignificant in the US data. 
Demographic variables have often been found to be associated with trip chaining 
behaviour in all models. We control for this with variables on gender and 
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minority status (race and hispanic). We find that males are less likely to make 
complex trips in both the London and US data. This suggests that for older people, 
males may begin to engage more in the various activities that require less complex 
trips. This is perhaps unsurprising when both are retired, but even for the older 
groups, women appear to engage in more complex trips, although the difference is 
less than when they were younger. The coefficient value is about -0.10 in the 
London data, suggesting that in London men are even less likely to make complex 
trips than women. 
There were no statistically significant differences for our control variable for race 
in the US data, but in the London data, non-minority (white) groups are associated 
with more complex trips, relative to minority (non-white) groups. It is unclear 
why there is this difference between the two datasets, but minority populations in 
London may be more comparable to hispanic populations in the US, in that 
immigration is more recent. Our control variable for hispanic finds that this group 
makes significantly fewer complex trips than non-hispanics. 
For London data, income effects are estimated only as a categorical variable. In 
general, there seems to be a trend of more complex trips as income increases, up 
to about £25-35,000, but this is not consistent. 4 Income effects are estimated both 
as a continuous variable and categorically for US data. The continuous variable 
shows no statistically significant effect. Our categorical analysis, however, shows 
that income groups between $5,000 and $15,000 per annum make less complex 
tours, relative to the lowest income group and the higher income groups. We 
4 Exchange rate in 2001 was about $1.50/£ 
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cannot explain the effect of those with incomes less than $5,000 per annum 
making more complex trips than the next highest income category. 
We include a control variable for type of living accommodation for US data. 
Those living in a house have no statistically significantly different level of trip 
complexity than those living in other housing types. There were only few (147) 
respondents stating they live in an "other" accommodation besides apartment or 
house. There was no similar variable in the London data. 
Household structure has typically been associated with trip chaining patterns. We 
categorise the data based on five household categories and our estimates are 
relative to households with children. We did not evaluate the age of the children 
living in the household, so these could range from children still in school to adult 
children. The London data showed that single parents with dependent children 
had significantly more complex trip chains; couples (married or cohabiting) also 
had more complex trips and those with children had more relative to those without. 
From the US data, we find that those older people living with children tend to 
have less complex trips; this could be because adult children take over some 
household responsibilities. Retired Singles have the most complex trips followed 
by retired couples and single people who are not retired. Clearly both retirement 
and living alone are associated with increased trip complexity; given forecasts of 
increasing retirement and increased single living, this is clearly an indicator that 
travel will become more complex in the future. 
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In the London models, possession of a driving license is not statistically 
significant and possession of a Freedom Pass (which allows free use of public 
transport after 9: 00am or 9: 30am for rail services) is also not significant. In US 
data, the usage of public transport by individuals is also included in the models. 
We find that those who use public transport most frequently engage in less 
complex trips, which is not surprising. We also evaluate the association with 
vehicle ownership. Model A includes a variable for whether the household owns 
a vehicle and this is clearly associated with more trip complexity. Models B and 
C include a variable that is the ratio of vehicles to adults in the household; this is 
significant at the 90% level and positive, again showing that vehicle availability 
affects trip complexity. 
From the results on population density, in general we see that relative to the most 
sparsely populated areas (less than 100 persons per sq. mile) there is a general 
decrease in trip complexity. Those living in the most densely populated areas, 
greater than 10,000 per square mile have substantially less complex trips than 
those in the low to medium density ranges. This result holds in the London data 
where our variable is based on residency in Inner versus Outer London. Thus, we 
see that, all else equal, trip complexity is higher as population density is lower. 
This suggests that those older people living in less densely populated areas, while 
making more complex trips, may face difficulties making them as they age further 
or develop medical conditions. Interaction of these variables with our medical 
condition variables (US data), in Model D, does not provide any clear pattern. 5 In 
the areas with the densest population, there is a reduction in trip complexity 
5 Data could not be disaggregated for those in population density of 100-500 sq miles, due to lack 
of sufficient observations in this category for those with medical conditions. 
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associated with medical conditions, but this pattern also occurs at some of the 
medium densities. The most rural densities and their interaction with that medical 
conditions are associated with more complex tours; perhaps reflecting the 
difficulty of accessing medical services in rural areas. Interacting the Inner and 
Outer London variables with the equivalent travel disability variable in the LATS 
data shows that those in Outer London are associated with more complex tours, 
relative to Inner London residents, but also that those with disabilities in Outer 
London are associated with the most complex tours. 
The importance of tour specific variables is also outlined. Mode used in the tour 
shows that those not driving a car tend to have more complex trips (i. e., those who 
use public transport). This is not surprising as this likely merely represents the 
change of modes associated with these tours. This effect is also found in the US 
data, although car passengers are also associated with more complex trips. These 
effects are important to control for as we previously found that public transport 
users are less likely to make complex trips, in the US data. As for the type of tour, 
Home-to-Home tours are generally more complex than other tours; again, this is 
not surprising and is partly due to the definition of a stop in the NHTS data being 
more than 30 minutes. Tours with an "other" anchor will tend to have longer 
dwell times that exceed 30 minutes. Tour type was not available for the London 
data. 
We include a variable that controls for the day of the week on which the tour is 
taken. The most complex trips of older people occur on Mondays in both datasets. 
The complexity decreases throughout the week with the value of the coefficient 
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dropping by about one-half for Saturday and another three-fold on Sunday 
(London data only included weekdays). The comparison with the whole sample is 
interesting, Saturday tours were the most complex and while the tour complexity 
diminished through the week, it increased on Friday (but decreased in the London 
data). Sunday also had trips of the lowest complexity. This could indicate that 
older people avoid various trips (such as shopping trips) on Saturdays when these 
activities are more congested, making up for this on Mondays, when others are 
working. This latter effect may also occur in London, although we cannot say for 
certain without having data on weekend trips. 
Average link speed is found not to be statistically significant. Therefore, this 
implies that while for the whole NHTS sample, as speeds increase, trip 
complexity increases, for the cohort of older people, speed has no effect. This 
could imply that congestion has less effect on older people's activities, either 
because they make trips when congestion is low, or their value of time is low and 
congestion matters less. In the London data it is also not significant despite 
greater levels of congestion in London versus the US as a whole. 
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Table 4-11 Ordered Probit models with NHTS data (bold indicates 95% significance level, 
Italian indicates 90% significance level) 
Model A Model B Model C Model D 
Coeff z-stat Coeff z-stat Coeff z-stat Coeff z-stat 
Age and Medical Condition 
Age 60-65 healthy (Reference) 
Age 60-65 with medical 
condition 
0.073 2.30 0.093 2.68 
Age 66-70 healthy -0.011 -0.81 0.003 0.20 0.003 0.19 -0.010 -0. -5 
Age 66-70 with medical 
condition 
-0.083 -2.18 -0.064 -1.60 
Age 71-75 healthy -0.027 -1.86 -0.017 -1.10 -0.017 -1.11 -0.023 -1.61 
Age 71-75 with medical 
condition 
-0.024 -0.66 0.001 0.03 
Age 76-80 healthy -0.042 -2.54 -0.030 -1.69 -0.031 -1.72 -0.038 -2.26 
Age 76-80 with medical 
condition 
-0.050 -1.34 -0.025 -0.61 
Age 81-84 healthy -0.062 -2.6 -0.054 -2.06 -0.054 -2.08 -0.055 -2.32 
Age 81-84 with medical 
condition 
-0.047 -0.92 -0.007 -0.12 
Age 85+ healthy -0.085 -2.79 -0.068 -1.97 -0.069 -1.99 -0.084 -2.72 
Age 85+ with medical condition -0.144 -2.36 -0.091 -1.39 
Has a medical condition 
resulting in less travel 
-0.003 -0.17 
Medical condition requires 
giving up driving 
-0.031 -0.69 -0.028 -0.63 
Medical condition limits use of 
PT 
0.060 1.28 0.090 1.86 
Medical condition results in 
asking for rides 
-0.043 -1.29 -0.041 -1.29 
Medical condition requires use 
of Special Transport Services 
-0.161 -2.44 -0.161 -2.45 
Demographic Variables 
Gender: Male -0.052 -5.09 -0.053 -5.17 -0.054 -5.25 -0.054 -5.27 
Race: Hispanic -0.092 -2.68 -0.087 -2.53 -0.087 -2.53 -0.087 -2.51 
Race: White -0.020 -1.12 -0.018 -0.99 -0.019 -1.06 -0.019 -1.08 
Income US$(continuous) 0.000 0.73 
Income (US$) less than 5k 
(reference case) 
Income 5-10k -0.101 -3.66 -0.101 -3.65 -0.101 -3.66 
Income 10-15k -0.041 -1.74 -0.042 -1.76 -0.043 -1.79 
Income 15-20k -0.012 -0.56 -0.012 -0.56 -0.013 -0.63 
Income 20-30k 0.012 0.62 0.012 0.61 0.011 0.60 
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Income 30-40k 0.022 1.13 0.022 1.11 0.022 1.10 
Income 40-50k 0.012 0.64 0.011 0.60 0.011 0.56 
Income 50-60k 0.013 0.63 0.013 0.61 0.012 0.55 
Income 60-80k 0.011 0.53 0.010 0.50 0.009 0.43 
Income over 80k 0.001 0.05 0.001 0.04 -0.001 -0.05 
Dummy variable for lives in a 
house 
-0.015 -1.02 -0.013 -0.91 -0.014 -0.99 -0.013 -0.92 
Household Structure 
Household with Children (Ref. ) 
Not ret. Single 0.061 1.97 0.055 1.69 0.053 1.65 0.052 1.62 
Not ret., household with 2+ 
adults, 
0.039 1.47 0.038 1.41 0.036 1.34 0.035 1.29 
Retired Single 0.122 4.72 0.116 4.42 0.115 4.38 0.116 4.41 
Retired, household with 2+ 
adults 
0.058 2.44 0.057 2.31 0.055 2.23 0.054 2.22 
Transport Usage Variables 
No public transport use in last 2 
months (Reference) 
PT use about once a month 0.068 3.44 0.066 3.33 0.066 3.30 -0.125 -3.82 
PT use once a week 0.015 0.44 -0.004 -0.1 -0.003 -0.08 -0.003 -0.09 
PT use is frequent -0.074 -2.22 -0.128 -3.91 -0.124 -3.80 0.065 3.23 
Household owns a vehicle 0.248 7.53 
Ratio of vehicles / adults 0.019 1.84 0.018 1.7 0.018 1.73 
Land use: population density 
Less than 100 per sq. mile, no 
medical condition (reference 
case) 
- with medical condition 0.095 2.20 
100 - 500 per sq. mile -0.035 -2.1 -0.034 -2.05 -0.035 -2.08 -0.031 -1.81 
- with medical condition 
500 - 1000 per sq. mile -0.049 -2.41 -0.048 -2.38 -0.048 -2.39 -0.050 -2.40 
- with medical condition 0.049 0.88 
1000 - 2000 per sq. mile -0.051 -2.8 -0.050 -2.76 -0.051 -2.78 -0.040 -2.1 S 
- with medical condition -0.075 -1.53 
2000 - 4000 per s q. mile -0.049 -3.02 -0.048 -2.9 -0.049 -2.95 -0.040 -2.37 
- with medical condition -0.050 -1.30 
4000 - 10,000 per s q. mile -0.071 -4.14 -0.071 -4.1 -0.072 -4.16 -0.060 -3.38 
- with medical condition -0.092 -2.25 
10,000 to 25,000 per sq. mile -0.136 -4.76 -0.148 -5.15 -0.149 -5.19 -0.141 -4.62 
- with medical condition -0.144 -2.04 
000 or more per s q. mile 25 -0.133 -3.2 -0.168 -4.06 -0.172 -4.15 -0.148 -3.34 , 
- with medical condition -0.256 -2.62 
Tour specific variables 
Modes used in tour (reference case: car only) 
Car and transit -0.330 -0.74 -0.236 -0.53 -0.239 -0.53 -0.254 -0.5- Car and walk -0.634 -0.65 -0.045 -0.46 -0.473 -0.49 -0.045 -0.46 
Transit and walk 1.961 16.22 1.886 15.66 1.892 15.70 1.895 15.73 
Car passenger and walk 1.715 19.94 1.701 19.79 1.703 19.80 1.701 19.77 
Car passenger and transit 1.465 4.60 1.409 4.42 1.411 4.43 1.421 4.46 
Type of tour (reference case: Home to Home 
tour) 
Home to Other tour -1.792 - 
125.5 
-1.793 - 
125.5 
-1.792 - 
125.4 
-1.793 - 
125.47 
Other to Home tour -1.612 - 
115.7 
-1.612 - 
115.7 
-1.612 - 
115.6 
-1.613 - 
115.67 
Other to Other tour -1.609 - 
91.85 
-1.610 - 
91.84 
-1.610 - 
91.82 
-1.610 -91.84 
Day of week of tour (reference case: Monday) 
Tuesday -0.043 -2.38 -0.044 -2.42 -0.045 -2.45 -0.045 -2.46 
Wednesday -0.030 -1.71 -0.032 -1.81 -0.032 -1.81 -0.032 -1.78 
Thursday -0.061 -3.32 -0.061 -3.32 -0.061 -3.32 -0.061 -3.32 
Friday -0.053 -2.93 -0.053 -2.94 -0.053 -2.94 -0.054 -2.99 
Saturday -0.100 -5.25 -0.100 -5.29 -0.100 -5.28 -0.100 -5.25 
Sunday -0.303 -15.4 -0.305 - 
15.48 
-0.305 - 
15.48 
-0.305 -15.47 
Average link speed 8.8E- 
05 
0.95 9.7E- 
05 
1.05 9.6E- 
05 
1.04 9.2E- 
05 
1.00 
Tour before Sept 11,2001 0.005 0.44 0.003 0.31 0.003 0.29 0.004 0.34 
µl -0.762 -0.977 -0.984 -0.984 
µ2 0.413 0.197 0.190 0.190 
µ3 0.982 0.767 0.760 0.760 
µ4 1.439 1.224 1.217 1.217 
95 1.789 1.573 1.566 1.566 
µ6 2.131 1.915 1.908 1.908 
Number of observations 72151 72076 72076 72076 
Degrees of freedom (number of 
variables) 
41 55 59 60 
Log likelihood (intercept only) - 
64220 
- 
64173 
- 
64173 
- 
641-73 
Log likelihood (final) - 
53005 
- 
52977 
- 
52971 
- 
529'2 
Mc Fadden Adjusted r2 0.174 0.174 0.174 0.1 "'-4 
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4.3 Conclusions 
This study has provided us with new insights into the difference between the travel of 
older people compared to younger people. Our focus has been on trip complexity. as 
measured by the number of stops within a tour, and in particular on travel disabilities 
and how urban form effects tour complexity. Our finding on the effects of travel 
disabilities is inconclusive. We find that those who have understanding disability are 
those who make the least complex trips, however other results, including interactions 
with age cohorts and population density, do not show any generalisable trend. Age, 
of itself, is found to lead to less complexity showing differences in behaviour between 
the `young-old' and the `old-old' independent of how travel disabilities are reported 
to affect their mobility. Urban form, as proxied by Inner and Outer boroughs (or 
population density for US data), shows that trip complexity is higher as population 
density is lower. All else equal, those who use public transport also engage in less 
complex tours and vehicle ownership is particularly linked to tour complexity. 
Our comparison of US and London data shows many similarities in the behaviour of 
older people, despite the major differences in the characteristics of a sample 
representing the entire US versus a sample for London, which is a densely populated 
urbanised region. While there are some minor differences in the results, the overall 
effect of age and disability on reducing trip complexity is similar. Likewise the effect 
of urban form, as represented by Inner and Outer London residential locations has a 
similar effect, whereby those in Outer London have more complex tours. This 
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confirms our hypothesis that the spatial location of where a household lives has an 
impact on the complexity of the tours they make. 
These results, while preliminary, are quite informative for future policy. First, 
dispersed population, typical of suburban as well as rural areas, appears to increase 
trip complexity. Clearly, if these areas are car-dependent, this can lead to increased 
accessibility difficulties for older people should they lose the ability to drive. Despite 
this, we found no clear pattern of reduced complexity due to medical conditions that 
affect driving. Not surprisingly, those having travel-related disability make less 
complex trips. 
Some of our results suggest that the older population avoids congestion at activity 
locations, like shops, for example by avoiding complex tours on Saturdays. We also 
find some evidence that older people are less affected by traffic congestion, such as 
the lack of significance of average link speeds in affecting their tour complexity. 
These issues clearly need more analysis, especially if future cohorts of older people 
care less about waiting in congestion. Trip complexity in itself is often seen as a 
behavioural response to mitigate congestion by increasing the efficiency of trip 
making. However, all else equal, we might expect more complex trips to require 
better planning of activities, which has various cognitive costs associated with it, 
which might be more difficult with age. These issues deserve further research to 
develop our understanding. 
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5 Trip purpose sequence of shopping tours 
This chapter analyzes shopping tour composition and trip purpose sequence for older 
people. Shopping tours are categorised into four types; simple shopping tours (SST), 
multi-stop shopping tours (MST), commuting tours with shopping stops (CST), and 
non-compulsory tours with shopping stops (NCST). After allocating shopping tours 
to these categories, the position of shopping in these tours is analysed. Results from 
the LATS 2001 dataset demonstrate significant correlation between the trip purposes 
in one tour, but the correlation decreases as the number of stops increases. Hence in 
this chapter, only the sequence of the first 2 trips in one tour is analysed. The effects 
of individual and household characteristics as well as other variables on tour 
composition and trip purpose sequence are analysed by a multinomial logit model. 
The differences of effects of socio-demographic variables on trip sequence between 
younger and older people are found. While older people do exhibit clear preferences 
in terms of trip combination and sequence (particularly the over 75s), this may be due 
to reduced mobility rather than a shift in tastes. The definition of trip chains in this 
chapter is different from the one defined in Chapter 4, which compares NHTS data 
with LATS data. In this chapter, home is defined as the start and end point of every 
tour and no consideration of dwell time is taken into account. Tours in this chapter by 
definition will always have at least one stop, as opposed to possibly no stops as in the 
previous chapter. 
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5.1 Introduction 
Research traditionally analyses individual trips separately. However, the 
shortcomings of such research is increasingly realised and more studies are focusing 
on tours (see, for example, Lerman, 1979). This leads to questions like: How is a tour 
organised? What trips are combined into one tour? 
The categorisation of tours could be from many different aspects: the number of stops, 
the purpose of certain trips, etc. The previous chapter analyzed tour complexity, 
interpreted as the number of stops. Depending on the purpose of certain trips, there 
are commuting tours, shopping tours, etc. This chapter investigates trip purpose 
sequence of shopping tours and focuses on older people's shopping tours as 
compared to the younger population. 
In order to provide transport services which can satisfy older people, it is necessary to 
understand their travel requirements. For older people, most of them do not need to 
make "compulsory" trips any more, which is not to say that they don't need to make 
trips. Shopping tours, though non-compulsory in the sense that they don't have to be 
made at a particular time or location, are nonetheless very important for older people 
both for household maintenance and socially. This chapter focuses on trip 
composition and trip purpose sequence of shopping tours. 
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Individuals and households need to decide each day the sequence in which to conduct 
their activities. This decision is constrained by various factors. Space-time constraints 
limit the number of possible sequences that can be implemented. In addition, task 
allocation and individual preferences also influence the sequence of activities. In this 
study, the hypothesis is that the sequence of trip purposes is not just random but is 
influenced by various factors. It is also hypothesised that the difference between 
older people and younger people are significant. 
The structure of this chapter is as follows. Section 5.2 outlines the dataset used and 
some descriptive statistics. Section 5.3 is about the composition of shopping tours. 
Section 5.4 investigates the dependency of trip purposes in one tour. Section 5.5 
looks into trip sequence within shopping tours. 
5.2 Descriptive statistics 
The data source available for this study is an interim version of the London Area 
Travel Survey 2001 (LATS), provided by Transport for London (TfL). In this chapter, 
we develop models to analyze trip combination and trip sequence of shopping tours. 
For older people (65 or older), most trip purposes are not for compulsory activities 
(42.29% going home trips, 2.71 % compulsory trips, and 54.99% non-mandatory trips 
from LATS data). Nonetheless, some regularity is still expected. Some trip 
combinations and trip sequences are preferred to others. For example, food shopping 
is generally repeated regularly and more likely to happen just before going home. 
117 
In this chapter, only people who are 35 or older are analyzed. If their travel on the 
surveyed day did not begin or end at home, then the record is excluded. The focus of 
this study is on shopping, so only tours with at least one shopping stop are included. 
Four age groups are defined: younger people (35-49), pre-elderly (50-64), younger 
older people (65-74), and older older people (75 or over). Their trip generation and 
shopping tour generation are listed in Table 5-1. Although average tour generation is 
decreasing with the increase of age, average shopping tour generation is not 
decreasing especially for older people who are younger than 75, which means the 
percentage of shopping tours for older people is even increasing. 
Table 5-1 All Tour and Shopping Tour Generation for Four Ate Groups 
Age 
No. of 
travelers No. of trips Ave. trips 
No. of all 
tours 
Ave. 
tours 
No. of 
shopping 
travelers 
No. of 
shopping 
tours 
Ave. sh 
op tour 
shop 
tour 
percent 
35-49 12745 48031 3.77 18969 1.49 3883 4269 1.10 73.87% 
50-64 7855 27404 3.49 11086 1.41 2992 3285 1.10 77.79% 
65-74 3758 12395 3.30 5174 1.38 2316 2528 1.09 79.28% 
>=75 2450 7024 2.87 3011 1.23 1589 1691 1.06 86.59% 
Total 26808 94854 3.54 38240 1.43 10780 11773 1.09 76.56% 
The four age groups are different with respect to many socio-demographic variables. 
These differences are listed in Table 5-2. The household structure is changing; more 
older people are living alone. And as expected, older people are more likely to have 
disability, freedom pass and have no car driving licence. The percentage of older 
people's having access to car (the household has a car) is also lower than younger 
people. Almost no older people have a job, which means most of their travel would 
not be compulsory. 
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Table 5-2 Socio-demo2ranhic Variables of Four ALye Groups 
35-49 Percent 50-64 Percent 65-74 Percent 75+ Percent 
single 563 15.67% 715 28.71% 783 72.23% 764 90.52% 
single parent 478 13.30% 70 2.81% 19 1.75% 4 0.47° ö 
couple 766 21.32% 1430 57.43% 257 23.71% 71 8.41% 
couple with 
children 1786 49.71% 275 11.04% 25 2.31% 5 0.59% 
35-49 Percent 50-64 Percent 65-74 Percent 75+ Percent 
With disability 231 5.95% 425 14.20% 401 17.31% 464 29.20% 
no disability 3652 94.05% 2567 85.80% 1915 82.69% 1125 70.80% 
35-49 Percent 50-64 Percent 65-74 Percent 75+ Percent 
with freedom 
pass 268 6.90% 767 25.64% 1975 85.28% 1417 89.18% 
no freedom pass 3615 93.10% 2225 74.36% 341 14.72% 172 10.82% 
35-49 Percent 50-64 Percent 65-74 Percent 75+ Percent 
with driving 
licence 2990 77.00% 2049 68.48% 1298 56.04% 607 38.20% 
no driving 
licence 893 23.00% 943 31.52% 1018 43.96% 982 61.80% 
35-49 Percent 50-64 Percent 65-74 Percent 75+ Percent 
male 1391 35.82% 1101 36.80% 1058 45.68% 720 45.31% 
female 2481 63.89% 1885 63.00% 1256 54.23% 869 54.69% 
35-49 Percent 50-64 Percent 65-74 Percent 75+ Percent 
with vehicle 3061 78.83% 2230 74.53% 1444 62.35% 680 42.79% 
no vehicle 822 21.17% 762 25.47% 872 37.65% 909 57.21% 
35-49 Percent 50-64 Percent 65-74 Percent 75+ Percent 
with job 2616 67.37% 1375 45.96% 128 5.53% 16 1.01% 
no job 1267 32.63% 1617 54.04% 2188 94.47% 1573 98.99% 
5.3 Tour composition 
This section looks into what other trips are combined with shopping trips in a tour. At 
first, a model is established to estimate the probability of generating shopping trips of 
four alternative tour types. For different socio-demographic groups, the tour type 
preference is different. The choice of older people is the focus of interest. Shopping 
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tours are divided into four types depending on the purpose of other trips in shopping 
tours. 
In the analysis, depending on travel purposes, trips are divided into 4 categories: To- 
home trips, Compulsory trips including working trips and education trips, Shopping 
trips and Other trips (non-work, non-shop, non-home, including personal business, 
entertainment, and pick up or drop off etc). 
Depending on the travel purposes of the other trips in a shopping tour, 4 types of 
shopping tours are defined: 
Typet: Simple shopping tours (SST), home-shop-home 
Type2: Multi-stop shopping tours (MST), home-shop-... -shop-home 
Type3: Commute tours with shopping stops (CST), there is at least one compulsory 
trip and one shopping trip in the chain. 
Type4: Non-compulsory tours with shopping stops (NCST), there is at least one 
shopping trip and one non-work, non-shop trip, and no working trip in the chain. 
A multinomial logit model is set up to estimate the effects of household and 
individual characteristics on the generation of the 4 alternative shopping tours. The 
generation process is viewed as a discrete choice process. The dependent variable in 
this case is the type of shopping tour (4 types). The independent variables are 
individual and household socio-demographic variables, and selected trip 
characteristics as shown in Table 5-3. 
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Table 5-3 Household and Individual Characteristics 
Variable 
Home location 
Inner London Yes 1, No 0 
Within Congestion Charging 
Zone Yes 1, No 0 
Household structure 
Single adult Yes 1, No 0 
Single parent Yes 1, No 0 
Couple Yes 1, No 0 
Couple with children Yes 1, No 0 
Children Yes 1, No 0 
Number of Adult One 1, Two or more adults 0 
Gender Male 1, Female 0 
Age Over 64 1, Below 64 0 
Younger People 35-49 
Pre older people 50-64 
Younger older people 65-74 
Older older people 75+ 
Travel disability Yes 1, No 0 
No of Vehicle per License 
holder One or more than one 1, No-0 
Possession of Car driving 
license Yes 1, No 0 
Household vehicle access Yes 1, No 0 
Household Income Over £25k 1, Below 0 
Employment status No job 1, have job 0 
Freedom Pass Possession Yes 1, No 0 
Time of first shopping trip in 
each tour Peak time 1, Off-peak time 0 
Transport mode of first 
shopping trip in each tour Car 1, other 0 
Six models are present in Table 5-4 estimated from the LATS data using BIOGEME 
(Bierlaire, 2003). Biogeme is an object-oriented software package designed for the 
maximum likelihood estimation of Generalized Extreme Value (GEV) models. These 
models differ in the treatment of several variables such as age and travel-related 
disabilities. Each group of variables shown in Table 5-4 are discussed. 
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In most models, the constants are significantly negative, showing that compared with 
all shopping tours, simple shopping tours (SST) are the most preferred, compulsory 
tours with shopping stops (CST) follow, then are other types of shopping tours. This 
is not surprising. 
Two trip characteristics are selected for all the models. They are the transport mode 
(car or not) and the travel time (peak time or off-peak time) of the first shopping trip 
in the tour. In most cases, transport modes within one tour are consistent. If the first 
shopping trip in a tour is made by car (being car passenger or car driver), the type of 
the tour is more likely to be NCST and less likely to be CST when compared with 
SST. Car is a flexible transport mode, using car, travellers have more freedom to 
combine different transport purposes, different activity locations together. This partly 
explains why NCST are more likely to be made by car. One would expect that the 
complexity of the work chain is related to the chosen transport mode. Strathman et al 
(1994) pointed out that single occupant auto commuters have substantially more 
flexibility to schedule non-work activities in conjunction with their journey to work. 
In this study, when using car as the transport mode, CST is less likely to happen than 
simple shopping tours, presumably caused by the inclusion of car passengers in the 
car transport mode. If a traveller goes to work as a car passenger, he or she has fewer 
chances to go shopping on the way. When car is chosen, NCST is more likely to 
happen. This result is reasonable and complies with Strathman's result. When using a 
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flexible transport mode, more complicated non-work tours have a higher possibility 
to happen. 
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If the first shopping trip in a tour is made during peak time (am or pm), all 
complex tours (with 2 or more stops) have less possibility to happen during peak 
time, especially for MST. Shopping travel is not regarded as compulsory travel. 
Generally shopping travel could be made during less busy times to avoid traffic. 
If shopping travel happens during the peak time, the simple pattern would be 
preferred to avoid further travel. 
In model B, the inclusion of household location (within inner London or 
congestion charging zone) does not improve the performance of the model 
significantly and the effects of the two variables are not significant either. The 
influence of household structure on tours is significant. In model A and model B, 
there are four kinds of household defined in the study depending on the number 
of adults and the presence of dependent children: single, single parent, couple, 
and couple with dependent children. Single parents are significantly more likely 
to make NCST-combine shopping travel with other non-work travel. Although 
not significant, single parents also prefer other complicated shopping tours rather 
than simple shopping tours. This complies with the results of Strathman (1994). 
Single parents have more strict time constraints than other types of households. 
This could explain why they prefer complicated tour types to save time. Of these 
four household types, only a couple with dependent children is significantly less 
likely to choose NCST compared with simple shopping tours (SST). If there is a 
child in the household, generally there are more non-compulsory trips, which 
could be the reason of more NCST. As Oster (1978) demonstrated, this 
contributes to aggregate travel time and cost saving. All these households prefer 
to link shopping with working trips (CST). This also contributes to time and cost 
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saving, but may also contribute to congestion if non-work trips, which 
presumably are more amenable to off-peak scheduling, are shifted to the work 
commute (Strathman, 1994). 
In model C, D, E, F, the four household structure variables are replaced by two 
variables; the presence of children less than 5 and the number of adults in the 
household. The presence of children makes complicated non-work tours (NCST) 
more likely to happen. The result is consistent with the above. But the presence 
of children under 5 also decreases the possibility of CST, which does not comply 
with the above result. If there is only one adult in the household, simple shopping 
tours (SST) are less likely to happen. As the only adult in a household, they need 
to commit in more complicated tours to save time cost. 
In model A, B, C, E, older people (65 or older) are less likely to make shopping 
with commuting (CST). This is reasonable, older people do not make a lot of 
compulsory trips any more. And older people are less likely to make 
complicated shopping tours with other non-work purposes (NCST). And 
compared with younger people, older people have more free time and less 
mobility. They do not need to chain trips to save time. Long trip chains require 
higher mobility which is also a challenge for them. In model D, the inclusion of 
age is divided into 4 categories (35-49,50-64,65-74,75+), the large increase of 
the number of variables makes nothing significant. In another model (not shown 
in the table), the variable about age is changed into "older" older people (75 or 
older), the effects are in the same direction as the variable (65 or older) and even 
stronger. If the variable is changed to "younger" older people (65-74), the effects 
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do not hold and are not significant. This proves that older people do not 
constitute a homogeneous group. The "younger" older people are more likely to 
have access to a car and live with other household members, so they tend to 
make more trips in more complicated patterns. The "older" older people are 
more likely to be living alone and have lower mobility. So they tend to make 
simpler tours. 
If the traveller has travel-related disability (Model A, B, C, D), tours composed 
of work and shopping (CST), and multi-stop shopping tours (MST) are less 
likely to happen, although this effect is not significant. Complicated non-work 
tours (NCST) are more likely to happen. Schmöcker et al (2005b) demonstrated 
that travellers with disability tend to make fewer trips. If travellers tend to avoid 
travel, then when he or she goes out, it is possibly intended to complete more 
tasks in one tour. In model E, various travel related disabilities are looked into 
separately, the results are not significant, but generally have the same trend as 
travel-related disability. In model F, age and disability are estimated jointly, but 
there are no significant results. 
Although not significant, the possession of the Freedom Pass (granting free off- 
peak travel to older or disabled people) implies shopping tours with working trip 
(CST) are less likely to happen, as these people are less likely to have a job. 
Individuals from households with higher income are more likely to make more 
complicated tours. This complies with past research (Strathman, 1994). The 
effect of the access to a vehicle is not significant but individuals xvith driving 
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licences are more likely to choose more complicated shopping tours. Model B 
replaces the two variables (vehicle access and driving licence possession) with 
average number of vehicles the car driver has access to. The performance of the 
model is not improved but the effect of the variable is significant. If each driver 
in a household have access to 1 or more vehicles, more complicated tours are 
more likely to be chosen. 
Men are less likely to generate complicated shopping tours. This complies with 
past research. Traditionally, men have fewer obligations to do the household 
maintenance tasks which include shopping, so men have less need to make 
complicated tours to save time. When they need shopping, simple shopping tours 
are preferred. People without a job obviously have fewer chances to make 
shopping stops during commuting tours (CST). Although not significant at the 
level of 95%, people without a job are more likely to make shopping tours with 
other non-commute purposes (NCST). In Model F, white people are more likely 
to commit in NCST. 
After the investigation on people's choices of various shopping tours, the next 
section will look at their trip purpose sequence within a tour. 
5.4 Dependency between trip purposes 
This part investigates the relationship between trip purposes within one tour. It is 
hypothesized that trip purposes are dependent on each other. A loglinear model is 
used to test the hypothesis of dependency (Jeansonne 2002). 
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Take two variables A and B with categories i=1 to R and j=1 to C respectively. 
The impacts of the marginals of a cross-tabulation of A by B are modelled by the 
first order coefficients to and zB while the association between A and B is 
modelled by second order coefficients rAB . The expected frequencies F, 
B can be 
described by the product of a constant term q, the first order coefficients 
zA and zB , the second order coefficients z; 
AB 
AB AB AB F, u=rJz; 
ii iii (5.1) 
If all second order coefficients z; AB are equal to 1, then there is no association 
between the two variables. Taking the natural logarithm of the last equation 
yields a linear equation (hence the name "loglinear model"). 
1og(FAR) _ p+2A +2B +2 B (5.2) 
where log(FA") is the log of the frequency of events in cell if of the contingency 
table, is the overall mean of the natural log of the frequencies, A are the 
"effects" which the variables A and B have on the cell frequencies, and i and j are 
the categories of the variables A and B respectively. Therefore: 
,, 
A = the main effect for variable A 
B= the main effect for variable B 
AB 
j, = the 
interaction effect for variables A and B. 
The corresponding independence model: 
log(FAB) _ 1u + 2A + AB (5.3) 
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lacks the interaction parameter included in the saturated model. Note that the 
independence model is analogous to the chi-square analysis, testing the 
hypothesis of independence. 
For loglinear models representing multiway contingency table with more 
variables, this equation is being used to illustrate the hierarchical approach to 
loglinear modelling. 
log(F; 
/kBC'D... 
l =, u+/ýA +AB +/ýk +2 +... +/ýAB +/ý, 
kC 
-ý/ýAD +/IBk +2 +A 
CD +... 
+ /. 
ABC 
+ AABD + ABCD + 
... 
+ AABCD + 
... ilk yl jkl ijkl 
(5.4) 
The Pearson Chi-square statistic or the likelihood ratio (L2) can be used to test 
model fit. The Pearson Chi-square is calculated by finding the difference 
between each observed and theoretical frequency for each possible outcome, 
squaring them, dividing each by the theoretical frequency, and taking the sum of 
the results: 
x2 = 
(0' -E ` )2 (5.5) 
l=I 
E, 
where: 
O; = an observed frequency 
E. =an expected (theoretical) frequency, asserted by the null hypothesis 
The formula for the L2 statistic is as follows: 
L' 5.6 
The L2 statistic tests the residual frequency that is not accounted for by the 
effects in the model. The larger L2 is relative to the available degrees of freedom, 
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the more the expected frequencies depart from the actual cell entries. Therefore. 
larger L2 values indicate that the model does not fit the data well, and the 
interaction effect for variable A and B is bigger. 
The hypothesis is that travel purposes within one tour are dependent on each 
other. Correlations between trips are tested for 2,3,4,5 sojourn tours. The results 
(Table 5-5) show that with the increase of sojourn number, the dependency 
between all trips within a tour decreases significantly. The most significant 
dependency happens between two trips. Psychologically, main activities in a day 
are decided together. If there are only two travel purposes, they are more likely to 
be highly correlated. But there are always some impromptu activities, which has 
less regularity (Lee, Chung, & McNally 2002). 
Table 5-5 Dependency of Trips within a Tour 
Tests that k-way effects are zero 
2 stops 
k Df Pearson Chi s uare 
1 8 11830.983 
2 16 543.876 
3 stops 
1 12 17042.374 
2 48 1766.304 
3 64 245.807 
4 stops 
1 16 5849.595 
2 96 0 
3 256 4350.073 
4 256 11.022 
5 stops 
1 20 5689.827 
2 160 2987.181 
3 640 3130.573 
4 1280 8.725 
5 1024 0.361 
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The Pearson tests are based on a difference between the saturated model and the 
model without K-way and higher interactions. From the table, we could know if 
the k-way interaction is significant or not. When the tour pattern is not too 
complicated, say only 2 sojourns, the trip purpose of all these travel are 
correlated; when the travel pattern is pretty complicated, say 4 trip or more, not 
all trip purposes are correlated, some trips are correlated, some are not. For 
example, when there is a trip chain like home-entertainment-personal business- 
shopping-home, the entertainment trip generally is not correlated with the 
shopping trip. 
When the number of stops goes up, possible combination and sequence grows 
unlimited. It is impossible and not meaningful to look at all the alternatives. In 
this study, we follow the approach of Golob (1986) and Strathman (1994), only 
take the first two stops in a tour for sequence definition. 
5.5 Trip sequence 
Over the years, various models of activity scheduling behaviour have been 
formulated. The first step in making schedules for out-of-door activities is to 
categorize them. Goulias et al. (1990) use a two-class typology of activities; 
mandatory (such as work and school) and discretionary (such as shopping, 
personal business and social), although it should be said that this distinction is 
not clear cut. While a shopping trip may be discretionary on a particular day, 
shopping will have to be performed at some stage. This chapter focuses on 
shopping tours, so trip purposes are divided into three categories; compulsory 
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activities such as working or education, shop and other non-shop non- 
compulsory activities. By the trip purposes of the first two stops in one shopping 
tour, trip sequence of tours are categorized into 7, types (see Table 5-6). 
Table 5-6 Trip Sequence (dependent variable) 
sequence 1st stop 2nd stop 
No. of 
tours Percentage 
1 shop home 6304 53.55% 
2 shop shop 1449 12.31% 
3 shop compulsory 67 0.57% 
4 compulsory shop 1149 9.76% 
5 shop Non-shop 674 5.72% 
6 Non-shop Shop 1483 12.60% 
7 non-shop Non-shop 647 5.50% 
Except type 1, other types are trip chains with at least two sojourns. Type 7 is 
chains in which shopping trip only happened after two stops. From the 
percentage, it can be seen that shopping travel are more likely to happen after 
other purposes (Sequence 4,6,7) rather than the first trip in a trip chain 
(Sequence 3,5) except shopping only tours (Sequence 1,2). 
The influences of household, individual socio-demographic variables and trip 
characteristics on the trip sequence chosen are analyzed by multinomial logit 
models, results listed in Table 5-7. 
Table 5-7 Results of Trip Sequence Model (bold indicates 95% significance level, 
Italian indicates 90% significance level) 
Modell Model 2 Model 3 Model 4 Model s 
Name Value t-test Value t-test Value t-test Value t-test Value t-test 
ASC I Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
Referen 
ce 
ASC2 -1.66 
7 
-14.76 -1.64 - -1.64 -15.93 -1.63 -15.84 -1.54 -16.35 
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- 1 
15.92 
ASC3 -3.88 -8.69 -4.19 - 
11.09 
-4.19 -11.09 -4.23 -11.09 -4.16 -11.60 
ASC4 -0.62 -4.80 -0.40 -3.88 -0.40 -3.88 -0.39 -3.84 -0.16 -1.72 
ASC5 -2.48 -16.03 -2.53 - 
17.93 
-2.53 -17.93 -2.53 -17.91 -2.61 -19.63 
ASC6 -1.69 -15.40 -1.55 - 
15.79 
-1.55 -15.79 -1.54 -15.75 -1.72 -18.38 
ASC7 -2.08 -12.60 -1.64 - 
12.72 
-1.64 -12.72 -1.64 -12.74 -1.75 -14.28 
congestio 
nl 
Referenc 
e 
congestio 
n2 
-0.25 0.00 
congestio 
n3 
0.49 0.00 
congestio 
n4 
-0.21 0.00 
congestio 
n5 
0.04 0.00 
congestio 
n6 
-0.04 0.00 
congestio 
n7 
0.20 0.00 
inner] Referenc 
e 
inner2 -0.25 0.00 
inner3 0.49 0.00 
inner4 -0.21 0.00 
inner5 0.04 0.00 
inner6 -0.04 0.00 
inner? 0.20 0.00 
Carl Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
Referen 
ce 
car2 0.10 1.45 0.12 1.78 0.12 1.78 0.11 1.70 0.13 1.97 
car3 0.30 0.98 0.05 0.19 0.06 0.20 0.08 0.30 0.04 0.14 
car4 -1.23 -14.62 -1.17 - 
14.07 
-1.17 -14.08 -1.17 -14.11 -1.19 -14.36 
car5 0.55 5.51 0.52 5.70 0.52 5.70 0.52 5.71 0.52 5.73 
car6 0.06 0.89 0.14 2.22 0.14 2.22 0.14 2.20 0.16 2.42 
car7 -0.17 -1.76 -0.04 -0.41 -0.04 -0.41 -0.03 -0.35 -0.02 -0.21 
peak I Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
Referen 
ce 
peak2 -0.21 -3.06 -0.21 -3.05 -0.21 -3.05 -0.20 -3.03 -0.21 -3.06 
peak3 0.57 2.27 0.60 2.40 0.60 2.41 0.59 2.37 0.60 2.39 
peak4 -0.64 -7.45 -0.65 -7.56 -0.65 -7.56 -0.65 -7.51 -0.65 -7.53 
peaks -0.29 -3.08 -0.29 -3.06 -0.29 -3.06 -0.29 -3.07 -0.29 -3.08 
peak6 0.02 0.37 0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.30 
peak7 -0.16 -1.71 -0.17 -1.78 -0.17 -1.78 -0.17 -1.80 -0.1' -1.83 
sinadult 1 Referen 
ce 
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sinadult2 0.03 0.44 
sinadult3 0.47 1.61 
sinadult4 0.18 2.05 
sinadult5 0.31 3.25 
sinadult6 0.23 3.29 
sinadult7 0.08 0.77 
hchildl Referen 
ce 
hchild2 
-0.08 -0.66 
hchild3 
-1.00 -1.67 
hchild4 
-0.40 -3.17 
hchild5 0.31 2.15 
hchild6 0.58 6.20 
hchild7 0.31 2.41 
singlel Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
single2 0.24 2.34 0.26 2.63 0.26 2.63 0.27 2.69 
single3 0.47 1.32 0.60 1.75 0.61 1.77 0.58 1.68 
single4 0.59 5.24 0.53 4.90 0.53 4.90 0.54 4.98 
singles 0.26 1.87 0.29 2.20 0.29 2.20 0.29 2.19 
single6 -0.07 -0.74 -0.08 -0.88 -0.08 -0.88 -0.08 -0.87 
single7 0.03 0.20 -0.07 -0.50 -0.07 -0.50 -0.08 -0.57 
sinparl Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
sinpar2 0.16 1.05 0.17 1.14 0.17 1.14 0.18 1.16 
sinpar3 0.24 0.42 0.27 0.48 0.27 0.48 0.24 0.42 
sinpar4 0.25 1.44 0.22 1.28 0.22 1.28 0.23 1.31 
sinpar5 0.18 0.86 0.19 0.95 0.19 0.95 0.19 0.94 
sinpar6 0.50 3.93 0.48 3.85 0.48 3.84 0.48 3.85 
sinpar7 0.30 1.65 0.23 1.31 0.23 1.31 0.23 1.27 
couchi 1 Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
couchi2 0.05 0.60 0.05 0.61 -0.05 0.61 0.05 0.61 
couchi3 -0.22 -0.68 -0.23 -0.71 -0.23 -0.71 -0.23 -0.73 
couchi4 0.37 4.17 0.37 4.17 0.37 4.17 0.37 4.20 
couchi5 -0.11 -0.89 -0.11 -0.91 -0.11 -0.91 -0.11 -0.91 
couchi6 -0.24 -2.94 -0.23 -2.86 -0.23 -2.86 -0.23 -2.86 
couchi7 -0.30 -2.72 -0.29 -2.71 -0.29 -2.71 -0.30 -2.71 
couple I Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
couple2 0.44 3.88 0.45 3.98 0.45 3.98 0.45 4.00 
couple3 0.53 0.68 0.51 0.65 0.51 0.65 0.52 0.66 
couple4 0.76 2.80 0.77 2.85 0.77 2.84 0.77 2.84 
couples 0.02 0.11 0.02 0.12 0.02 0.12 0.02 0.11 
couple6 -0.30 -2.56 -0.27 -2.29 -0.27 -2.30 -0.27 -2.29 
couple7 0.11 0.53 0.16 0.81 0.16 0.81 0.16 0.80 
age I Referenc Referenc Referenc 
FReferenc 
Referen 
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e e e e ce 
age2 0.07 0.78 0.05 0.63 0.05 0.63 0.05 0.61 0.24 3.32 
age3 -0.63 -0.97 -0.64 -0.97 -0.64 -0.98 -0.65 -0.99 -0.44 -0.79 
age4 -0.66 -3.09 -0.69 -3.26 -0.69 -3.26 -0.69 -3.25 -0.46 -2.48 
ages -0.01 -0.08 -0.01 -0.11 -0.01 -0.11 -0.01 -0.11 0.06 0.63 
age6 -0.08 -0.95 -0.12 -1.42 -0.12 -1.42 -0.12 -1.42 -0.18 -2.49 
age7 -0.53 -3.14 -0.61 -3.66 -0.61 -3.66 -0.61 -3.64 -0.48 -3.50 
disl Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
Referen 
ce 
dis2 0.02 0.20 0.01 0.06 0.01 0.06 0.01 0.06 0.00 0.03 
dis3 -0.65 -0.88 -0.65 -0.89 -0.65 -0.89 -0.68 -0.92 -0.66 -0.90 
dis4 -0.11 -0.57 -0.14 -0.73 -0.14 -0.73 -0.14 -0.72 -0.11 -0.60 
dis5 0.28 2.55 0.28 2.56 0.28 2.56 0.28 2.57 0.29 2.64 
dis6 0.22 2.57 0.18 2.15 0.18 2.15 0.18 2.15 0.18 2.16 
dis7 0.04 0.28 -0.02 -0.15 -0.02 -0.15 -0.02 -0.14 -0.04 -0.23 
dlcarl Referenc 
e 
dlcar2 0.14 1.77 
dlcar3 0.40 1.00 
dlcar4 0.25 2.31 
dlcar5 0.11 0.95 
dlcar6 0.31 3.71 
dlcar7 0.58 4.24 
hvehband 
1 
Referenc 
e 
hvehband 
2 
-0.07 -0.77 
hvehband 
3 
-0.76 -1.84 
hvehband 
4 
0.19 1.59 
hvehband 
5 
-0.13 -0.98 
hvehband 
6 
0.06 0.64 
hvehband 
7 
0.36 2.34 
vehfordll Referenc 
e 
Referenc 
e 
Referenc 
e 
Referen 
ce 
vehford12 0.02 0.31 0.02 0.31 0.02 0.25 0.02 0.39 
vehford13 0.25 0.91 0.25 0.92 0.26 0.97 0.25 0.93 
vehford14 0.14 1.87 0.14 1.87 0.14 1.82 0.15 1.90 
vehford15 0.05 0.56 0.05 0.56 0.05 0.57 0.05 0.59 
vehford16 0.12 1.90 0.12 1.90 0.12 1.89 0.13 2.05 
vehford17 0.38 4.11 0.38 4.11 0.38 4.14 0.39 4.21 
incomel Referenc 
e 
Referenc 
e 
Referenc 
e 
Referenc 
e 
Referen 
ce 
income2 0.24 3.01 0.25 3.18 0.25 3.19 0.25 3.19 0.18 2.36 
income3 0.46 1.56 0.39 1.37 0.39 1.37 0.40 1.40 0.38 1.36 
141 
income4 0.53 6.22 0.58 6.93 0.58 6.93 0.58 6.92 0.58 6.91 
income5 0.30 2.80 0.30 2.82 0.30 2.82 0.30 2.82 0.28 2.71 
income6 0.43 5.72 0.47 6.38 0.47 6.38 0.47 6.38 0.44 6.14 
income7 0.45 4.46 0.54 5.35 0.54 5.35 0.54 5.36 0.49 4.95 
malel Referenc Referenc Referenc Referenc Referen 
e e e e ce 
male2 -0.35 -5.53 -0.33 -5.26 -0.33 -5.26 -0.33 -5.27 -0.31 -5.08 
male3 0.08 0.33 0.13 0.52 0.13 0.51 0.13 0.51 0.17 0.68 
male4 -0.30 -3.86 -0.25 -3.34 -0.25 -3.35 -0.25 -3.36 -0.22 -2.96 
males -0.18 -2.03 -0.16 -1.89 -0.16 -1.89 -0.16 -1.89 -0.16 -1817 
male6 -0.45 -6.96 -0.39 -6.21 -0.39 -6.22 -0.39 -6.22 -0.43 -6.85 
male7 -0.55 -5.88 -0.46 -5.03 -0.46 -5.03 -0.46 -5.02 -0.48 -5.36 
nojobl Referenc Referenc Referenc Referenc Referen 
e e e e ce 
nojob2 0.02 0.23 0.01 0.10 0.01 0.11 0.01 0.10 0.03 0.35 
nojob3 -2.64 -5.37 -2.60 -5.35 -2.60 -5.35 -2.59 -5.33 -2.57 -5.31 
nojob4 -4.11 -21.25 -4.15 - -4.15 -21.50 -4.15 -21.50 -4.11 -21.39 
21.50 
nojob5 -0.06 -0.51 -0.06 -0.53 -0.06 -0.53 -0.06 -0.53 -0.06 -0.59 
nojob6 0.13 1.71 0.10 1.34 0.10 1.33 0.10 1.33 0.08 1.04 
nojob7 -1.11 -10.13 -1.18 - -1.18 -10.73 -1.18 -10.74 -1.18 -10.84 
10.74 
Model MNL MNL MNL MNL MNL 
type 
Number 84.00 78.00 83.00 90.00 66.00 
of 
estimated 
parameter 
s 
Number 11773.0 11773.0 11773.0 11773.0 11773.0 
of 0 0 0 0 0 
observati 
ons 
Number 11773.0 11773.0 11773.0 11773.0 11773.0 
of 0 0 0 0 0 
individua 
Is 
Init log- - - - - - 
likelihoo 22909.2 22909.2 22886.2 22909.2 22909.2 
d 0 0 0 0 0 
Final log- - - - - - 
likelihoo 15169.1 15193.0 15193.0 15189.4 15205.7 
d 0 0 0 0 0 
Likelihoo 15480.2 15432.3 15432.3 15439.6 15407.0 
d ratio 0 0 0 0 0 
test 
Rho- 0.34 0.34 0.34 0.34 0 34 
square 
Adjusted 0.33 0.33 0.33 0.33 0.33 
rho- 
s uare 
Model 6 Modell Model 8 
Name Value t-test Value t-test Value t-test 
14-2 
ASC I Referenc 
e 
Referenc 
e 
Referenc 
e 
ASC2 -1.14 0.00 -1.16 -0.01 -1.73 -14.81 
ASC3 -4.34 0.00 -4.40 -0.02 -4.69 -9.41 
ASC4 -0.38 0.00 -0.36 0.00 -0.21 -1.74 
ASC5 -2.06 0.00 -1.93 -0.01 -2.82 -17.11 
ASC6 -1.47 0.00 -1.38 0.00 -1.84 -16.22 
ASC7 -1.63 0.00 -1.62 0.00 -2.28 -13.45 
car 1 Referenc 
e 
Referenc 
e 
Referenc 
e 
car2 0.13 1.95 0.13 1.93 0.14 2.05 
car3 0.04 0.16 0.04 0.14 0.05 0.18 
car4 -1.19 -14.37 -1.19 - 
14.36 
-1.20 -14.46 
car5 0.52 5.72 0.52 5.76 0.53 5.79 
car6 0.16 2.39 0.16 2.42 0.15 2.27 
car7 -0.02 -0.24 -0.02 -0.19 -0.04 -0.44 
peak I Referenc 
e 
Referenc 
e 
Referenc 
e 
peak2 -0.21 -3.06 -0.20 -3.04 -0.21 -3.16 
peak3 0.60 2.40 0.60 2.39 0.57 2.30 
peak4 -0.65 -7.50 -0.65 -7.53 -0.65 -7.58 
peaks -0.29 -3.09 -0.30 -3.10 -0.30 -3.17 
peak6 0.02 0.32 0.02 0.30 0.01 0.20 
peak7 -0.17 -1.80 -0.17 -1.84 -0.19 -2.01 
sinadultl Referenc 
e 
Referenc 
e 
Referenc 
e 
sinadult2 0.04 0.58 0.03 0.44 0.03 0.49 
sinadult3 0.50 1.70 0.47 1.62 0.47 1.62 
sinadult4 0.18 2.04 0.18 2.05 0.19 2.08 
sinadult5 0.32 3.34 0.31 3.25 0.32 3.35 
sinadult6 0.22 3.16 0.23 3.29 0.23 3.39 
sinadult7 0.08 0.78 0.08 0.77 0.09 0.88 
hchildl Referenc 
e 
Referenc 
e 
Referenc 
e 
hchild2 -0.05 -0.39 -0.09 -0.73 -0.03 -0.28 
hchild3 -0.96 -1.58 -1.00 -1.67 -0.91 -1.52 
hchild4 -0.44 -3.33 -0.40 -3.17 -0.39 -3.02 
hchild5 0.35 2.27 0.32 2.21 0.36 2.44 
hchild6 0.48 4.81 0.58 6.18 0.61 6.34 
hchild7 0.25 1.88 0.31 2.43 0.38 2.94 
agel Referenc 
e 
age2 0.10 1.11 
age3 -0.94 -1.57 
age4 -0.35 -1.68 
ages -0.10 -0.80 
age6 -0.20 -2.23 
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age? -0.55 -3.35 
oldold I Referenc 
e 
oldold2 -0.23 0.00 
oldold3 -4.78 0.00 
oldold4 -0.66 0.00 
oldold5 -0.54 0.00 
oldold6 -0.54 0.00 
oldold7 -0.87 0.00 
preold 1 Referenc 
e 
preold2 -0.37 0.00 
preold3 0.22 0.00 
preold4 0.17 0.00 
preold5 -0.50 0.00 
preold6 -0.38 0.00 
preold7 -0.20 0.00 
younger1 Referenc 
e 
younger2 -0.43 0.00 
younger3 0.12 0.00 
younger4 0.25 0.00 
younger5 -0.59 0.00 
younger6 -0.14 0.00 
younger? -0.06 0.00 
youngold 
1 
Referenc 
e 
youngold 
2 
-0.11 0.00 
youngold 
3 
0.09 0.00 
youngold 
4 
-0.14 0.00 
youngold 
5 
-0.43 0.00 
youngold 
6 
-0.42 0.00 
youngold 
7 
-0.50 0.00 
disl Referenc 
e 
dis2 0.01 0.12 
dis3 -0.62 -0.85 
dis4 -0.09 -0.50 
dis5 0.29 2.65 
dis6 0.20 2.43 
dis? 0.00 -0.03 
olddisl Referenc 
e 
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olddis2 -0.09 0.00 
olddis3 -4.39 -0.02 
olddis4 -0.41 0.00 
olddis5 -0.38 0.00 
olddis6 -0.34 0.00 
olddis7 -0.83 0.00 
oldnodisl Referenc 
e 
oldnodis2 -0.18 0.00 
oldnodis3 -0.10 0.00 
oldnodis4 -0.25 0.00 
oldnodis5 -0.57 0.00 
oldnodis6 453 0.00 
oldnodis7 -0.57 0.00 
youdisl Referenc 
e 
youdis2 -0.51 0.00 
youdis3 -0.13 0.00 
youdis4 0.10 0.00 
youdis5 -0.28 0.00 
youdis6 -0.17 0.00 
youdis7 -0.08 0.00 
younodis 
1 
Referenc 
e 
younodis 
2 
-0.37 0.00 
younodis 
3 
0.22 0.00 
younodis 
4 
0.20 0.00 
younodis 
5 
-0.69 0.00 
younodis 
6 
-0.34 0.00 
younodis 
7 
-0.14 0.00 
dishearl Referenc 
e 
dishear2 -0.11 -0.45 
dishear3 -2.49 -0.32 
dishear4 0.45 0.57 
dishear5 -0.58 -1.45 
dishear6 -0.04 -0.16 
dishear7 -0.23 -0.38 
disseel Referenc 
e 
dissee2 -0.20 -0.79 
dissee3 -2.78 -0.36 
dissee4 -0.91 -1.18 
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dissee5 0.19 0.61 
dissee6 0.12 0.50 
dissee7 
-0.48 -0.80 
disund l Referenc 
e 
disund2 
-0.27 -0.60 
disund3 -1.83 -0.22 
disund4 
-4.36 -0.57 
disund5 -0.57 -0.78 
disund6 0.05 0.14 
disund7 -0.54 -0.53 
diswalk l Referenc 
e 
diswalk2 -0.01 -0.12 
diswalk3 -0.71 -0.81 
diswalk4 -0.13 -0.52 
diswalk5 0.22 1.64 
diswalk6 0.03 0.31 
diswalk7 -0.10 -0.51 
wheel I Referenc 
e 
wheel2 -0.03 -0.13 
wheel3 1.68 1.35 
wheel4 0.02 0.03 
wheel5 -0.21 -0.58 
wheel6 0.17 0.68 
wheel? -0.10 -0.17 
vehfordl I Referenc 
e 
Referenc 
e 
Referenc 
e 
vehford12 0.02 0.34 0.03 0.41 0.02 0.33 
vehfordl3 0.23 0.86 0.25 0.92 0.26 0.95 
vehfordl4 0.15 1.88 0.15 1.89 0.14 1.76 
vehfordl5 0.05 0.56 0.05 0.57 0.04 0.50 
vehford16 0.13 2.01 0.13 2.05 0.12 1.86 
vehfordl7 0.38 4.16 0.39 4.20 0.37 3.98 
incomel Referenc 
e 
Referenc 
e 
Referenc 
e 
income2 0.18 2.41 0.17 2.28 0.17 2.29 
income3 0.39 1.40 0.39 1.39 0.38 1.32 
income4 0.58 6.85 0.58 6.91 0.57 6.72 
income5 0.28 2.75 0.28 2.76 0.26 
7 t2.55 
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income6 0.43 5.95 0.44 6.13 0.42 5.78 
income7 0.49 4.87 0.50 4.98 0.44 4.36 
malel Referenc 
e 
Referenc 
e 
Referenc 
e 
malet -0.31 -5.10 -0.31 -5.00 -0.30 -4.88 
male3 0.17 0.69 0.17 0.69 0.19 0.78 
male4 -0.22 -2.94 -0.22 -2.96 -0.22 -2.94 
males -0.16 -1.91 -0.16 -1.93 -0.14 -1.70 
male6 -0.42 -6.69 -0.43 -6.83 -0.42 -6.75 
male7 -0.48 -5.30 -0.49 -5.38 -0.48 -5.26 
nojobl Referenc 
e 
Referenc 
e 
Referenc 
e 
nojob2 0.02 0.21 0.04 0.53 0.02 0.24 
nojob3 -2.51 -5.36 -2.58 -5.38 -2.68 -5.53 
nojob4 -4.06 -20.97 -4.11 - 
21.36 
-4.08 -21.09 
nojob5 -0.08 -0.71 -0.08 -0.74 -0.06 -0.53 
nojob6 0.12 1.54 0.08 1.05 0.10 1.31 
nojob7 -1.15 -10.49 -1.19 - 
10.87 
-1.15 -10.47 
His I Referenc 
e 
frdis2 0.18 2.10 
frdis3 0.69 1.91 
frdis4 -0.19 -1.40 
frdis5 0.22 1.85 
frdis6 -0.01 -0.15 
frdis7 -0.03 -0.22 
white 1 Referenc 
e 
white2 0.20 2.33 
white3 0.50 1.23 
white4 0.10 0.96 
whites 0.23 1.92 
white6 0.19 2.28 
white? 0.68 4.91 
Model 
type 
MNL MNL MNL 
Number 
of 
estimated 
parameter 
S. 
84.00 78.00 102.00 
Number 
of 
observati 
ons: 
11773.0 
0 
11773.0 
0 
11773.0 
0 
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Number 11773.0 11773.0 11773.0 
of 0 0 0 
individua 
Is. 
Init log- - - - 
likelihoo 22909.2 22909.2 22909.2 
d: 0 0 0 
Final log- - - - 
likelihoo 15194.2 15202.9 15178.2 
d: 0 0 0 
Likelihoo 15430.1 15412.5 15462.1 
d ratio 0 0 0 
test: 
Rho- 0.34 0.34 0.34 
square: 
Adjusted 0.33 0.33 0.33 
rho- 
square: 
The results of the model show negative signs for the constants. As expected, 
simple shopping tours are the most favoured shopping tour type, which is 
consistent with tour composition models. The sequence of a compulsory trip 
followed by a shopping trip is the second preferred. As shown from the results, a 
shopping sojourn after work is quite popular then the other way, this is not 
consistent with the finding of McGuckin et at. (2005), who found that trip 
chaining increase in the late 90s, nearly all in the direction of home to work in 
the US. But this finding is understandable, after working, people have more time, 
then they would choose to go to shop before going home. 
The effects of household location (if within congestion charging zone or inner 
London) are not significant as shown by model 4. There are two trip 
characteristics being analyzed, travel time and transport mode. If the shopping 
trip happened during peak time, it is more likely to be in the sequence of shop- 
compulsory, less likely to be the sequence of compulsory-shop or other non- 
compulsory tours. Shopping does not need to be made during a specific time, so 
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it is supposed that travellers would try to avoid shopping during peak time 
because of traffic congestion. Most compulsory trips happen during the peak 
time. If there is a shopping trip necessary to happen before work or school. the 
shopping trip has to happen during the peak time. When travellers make 
shopping trips after compulsory trips, generally the peak time has passed. 
Presumably for the same reason, the other non-compulsory tours are less likely to 
happen during peak time. From the negative sign of coefficients, if a car is used, 
the travellers have fewer chances of choosing the travel sequence of compulsory 
trip followed by shopping trip. This could be explained by the flexibility of using 
a car. The traveller could choose to go out again after going home rather than 
making a shopping stop after a compulsory trip. 
There are four kinds of household defined in the study depending on the number 
of adults and the presence of dependent children: single, single parent, couple, 
and couple with dependent children. For single parent households, they prefer the 
sequence of nonshop-shop than single stop shopping tours. Single parents have 
tight time constraints. They are more likely to make complicated non- 
compulsory tours to save time. Because shopping usually produces a burden, it 
tends to be made after other purposes. If the household type is replaced by two 
variables: the number of adults in a household, the presence of a child under 5, 
the result is consistent with household type effects. Single adult households are 
less likely to choose simple one-stop shopping tours. The presence of a child 
under 5 makes the non-compulsory shopping tours more likely to happen. 
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For people who are older than 65, just as expected, their favourite trip sequence 
is shop-home. This means that they are more likely to choose simple shopping 
tours, consistent with the result of tour composition models. In model 6, the 
inclusion of age is divided into 4 categories (35-49,50-64,65-74,75+), the large 
increase in the number of variables makes nothing significant. 
The influences of having travel related disability are not completely the same in 
the 8 models. But the sign of the two significant effects are in the same direction. 
They tend to make more non-compulsory tours with shopping stops. For people 
with travel disability, they might tend to chain different trips into one complex 
tour to avoid more simple tours. In model 8, various travel disabilities are 
included separately. The effects are not significant, but the trend is also similar as 
travel related disability. In model 7, age and travel related disability are 
combined to be included, they are not significant either. 
For households with access to a vehicle and individuals with a car driving licence, 
shopping is quite likely to happen after 2 stops. In this case, there are at least 3 
sojourns. Just as expected, if a chain has more stops, car access is quite important. 
If using the number of vehicles per driver to replace the two variables, the trend 
is similar. 
The sign of all complicated shopping tours for households with higher income 
are positive. The most likely type is compulsory-shop. Individuals from higher 
income households are more likely to have a job, so their time constraints are 
likely to be tight. If the traveller does not have a job. compulsory-shop is of 
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course less likely to happen. When making shopping tours, the models show that 
males are more likely to make simple shopping tours consistent with the tour 
composition models. 
A nested model is also used to analyze trip sequence. The first level is the 4 
alternative shopping tours. The second level is the 6 types of trip sequence (type 
7 is not included). However, this model could not converge, possibly showing 
that trip sequence is not decided after tour composition decision. 
5.6 Conclusions 
The models in this study shed light on the impact of household and individual 
characteristics on tour composition and trip sequence within tours. The results 
look reasonable. The most significant findings from the study are summarised as 
follows: The travel purposes of trips in one tour are not always significantly 
correlated with each other; only rather simple tours have this correlation, as 
shown by the loglinear model. Socio-demographic variables, such as age, gender, 
car access, and employment status, have significant effects on tour composition 
and trip sequences. Age is one of the most important factors. Older people 
exhibit clear preferences for certain shopping tour compositions and trip 
sequences as compared to younger people. However, these preferences could 
simply be the result of reduced mobility. The improvement of transport services 
provided for older people, offering them more flexibility, might change their trip 
sequencing. For example, due to low flexibility of public transport, older people 
who are reliant on it choose less complex travel patterns. If the government could 
151 
facilitate the adoption of more flexible transport modes, such as Personal Electric 
Vehicles, older people would be more likely to chain trips such as entertainment 
and shopping trips, leading to gains in the quality of life. 
Shopping travel generally produces burdens afterwards, which is one of the most 
important differences from other travel. The advantage of car is shown clearly 
for shopping travel in the point that car could take burdens easily. For older 
people, they do not drive as much as younger people. So they have to rely on 
others' driving and public transport to make their shopping travel. This limits 
their choice of shopping travel type. Personal Electric Vehicles could 
complement part of this, since it is possible to take small amount of shopping. By 
using Personal Electric Vehicles, older people are possible to make more flexible 
shopping travel, although only in limited distance. One aim of some specialised 
transport services is to provide transport services for older people's shopping 
travel. Shopping centre could help in the promotion of specialised transport 
services for older people. Mainstream public transport also could increase the 
number of stops close to shopping area. More local shops also could help older 
people. 
After investigating older people's trip sequences, the next chapter will look at 
their mode choice. 
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6 Mode choice 
With the population aging in many countries, older people's travel is recently 
getting more attention in the transportation literature. However our understanding 
of factors influencing their mode choice is still limited. In this chapter the focus 
is on mode choice for shopping trips as these are the most frequent trip type of 
older people. This chapter is not only limited to shopping trips, the mode choice 
of the trips after shopping trips are also investigated. Three types of models- 
multinomial logit model, nested logit model and mixed logit model-are fitted to 
estimate the effects of various variables on mode choice of older people for the 
shopping trip and the trip after shopping. The appropriateness of these models 
and the implications of the findings are discussed. 
6.1 Introduction 
In the past transportation mode choice research has focused on commuting (Bhat, 
1997; De Palma and Rochat, 1999; Palma and Rochat, 2000; Schwanen, 2004b; 
Schwanen and Mokhtarian, 2005; Bhat and Sardesai, 2006; Titheridge and Hall, 
2006), but not a lot of research has been conducted on shopping travel. It might 
be that in transportation research shopping travel is not perceived to be as 
important to analyse as for example commuting, because shopping travel is not 
carried out on a daily basis. Further, shopping travel has fewer time and location 
constraints all of which make it more difficult to analyse. However, recently 
shopping travel is attracting more attention (Robinson and Vickerman, 1976; 
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Bhat, 1996; Kim and Park, 1997; Bhat, 1998a; Bawa and Ghosh. 1999; Cubukcu. 
2001; Bhat et al., 2003; Schwanen, 2004a). 
For older people, shopping travel is probably more important than for younger 
people. Older people make less work-related travel and the majority of older 
people's travel is for shopping (46% of going out trips for the over 65s are for 
shopping according to the London Area Travel Survey 2001 dataset). But very 
few studies have been looking at this aspect. Some research on older people's 
mode choice was carried out not distinguishing trip purposes but therefore often 
overlooking the specific characteristics of shopping trips (Wilds and Talley. 1984; 
Kim and Ulfarsson, 2004). 
This chapter examines older people's mode choice for shopping travel. It is 
further considered that mode choice is often not determined by the single trip but 
by the trip chain. Therefore the analysis of mode choice of tours (and not single 
trips) including shopping trips is the focus of this study. Most tours are composed 
of two trips. If there are more than 2 trips, it is complicated to list all mode 
choices of the tours. In this chapter, in order to simplify the question, only mode 
choices of shopping trips and the trips after shopping trips are looked into. 
6.2 Descriptive statistics 
In this chapter, only shopping trips for older people (65 or over) are extracted 
from LATS 2001 data. This reduces the data set to 4186 older people and 4513 
shopping trips. 
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People aged between 35 and 54 are most likely to have a job and dependent 
children. Those aged between 55 and 64 are in many cases still in full time 
employment but their lifecycle has changed as often their children are now living 
independent lives. In this study, this age group is referred to as the "pre-older" 
Older people, here defined as anyone aged 65 and over are compared with these 
two sections. Previous research further indicated that it is often useful to divide 
older people into two sections: "younger old" (65-74) and "older old" people 
(75+) because at an age of around 75 often a decline in health limits the feasible 
activities (Alsnih and Hensher, 2001) 
Interestingly car and public transit usage have received much more attention in 
previous research even though walking is the most important mode for shopping 
trips. According to London data considering the whole population, around 79% 
of the shopping trips are shorter than 3.5 km (LATS, 2001). As shown in Figure 
6-1, the trip distance of older people is slightly shorter as nearly 90% of trips are 
shorter than 3.5km. The figure further shows the trip distance of walking trips. 
Nearly all trips are shorter than 500m. 
155 
1.0 
09 
08 
0 7 
. 
0 
0 6 . 
0 5 . all trips 
>0 4 
. 
--Walking trips 
0 3 . 
v 
0 2 
. 
0 1V 
. 
0 0 . 
05 10 15 20 25 30 35 40 45 50 55 
distance (100 metre) 
Figure 6-1 Trip Distance of Shopping Trips for Older People 
For shopping travel, mode choice across different population sections is different. 
Figure 6-2 shows the model split for different lifecycle stages which shows that 
around 42% of the shopping trips of older people are made on foot. Those aged 
35-54 (often in full time employment and with dependent children) use public 
transport least and drive most. Those aged 55-64 (often without dependent 
children but still in full time employment) drive already significantly less for 
shopping trips. Interestingly the "younger-old" are more likely to be car 
passenger than the "older-old". Taxi usage among all population groups is low 
but highest among the older-old (0.51 %). The modal share of walking stays fairly 
constant between the different age groups. The train and underground usage for 
shopping purposes is low for all population groups in particular for those aged 
over 75. 
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Figure 6-2 Modal share across population sections 
The difference of mode choice between older and younger people for their 
shopping travel shows clearly that the travel demand of older people could not be 
taken as the same for younger people. Analysis on this specific population sector 
is necessary. In the following model estimation, older people (65 or above)'s 
shopping mode choice and tour type are looked into. 
Considering that people might not use the same mode when travelling to or from 
their shopping sojourn means that there are in total the 11 alternatives shown in 
Table 6-1. The table indicates that most trips before and after shopping are made 
by the same transport mode, in which the most frequent alternative for older 
people is walking, with public transport following. Walking is also often used in 
combination with a motorized transport mode. As expected walking is more 
often used before the shopping than after the shopping. However the difference is 
not as large as one might have expected (+1.2%). 
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Combinations of "drive and walk" or "car passenger and walk" are rare. They 
only occur if the shopper is leaving the car at the car park and then walks to more 
than one shop near the car park before returning to his car. As pointed out in Su 
and Bell (2006) older people make very few complex tours which are also 
reflected in Table 6-1 with the low modal share for "drive and walk" 
combinations. In Table 6-2, specifically simple tours (home-shop-home) are 
extracted in order to avoid effects caused through trip chaining or visiting two 
shops close to each other before returning home. As car and walk combinations 
are very rare for these simple trips only 6 mode combinations are of significance 
in the modal share. 
Table 6-1 Combined mode choice to and from shonning 
Mode choice label Mode choice of shopping t Mode choice of travel after shopping Percent 
1 car driving car driving 16.41% 
2 public transport public transport 18.78% 
3 car passen er car passen er 9.57% 
4 walk walk 29.39% 
5 car driving walk 1.80% 
6 public transport walk 8.02% 
7 car passenger walk 1.54% 
8 walk car driving 1.85% 
9 walk public transport 9.33% 
10 walk car passenger 1.41 % 
11 other 1.89% 
Table 6-2 Combined mode choice to and from shopping for "simple tours" 
Mode choice labell Mode choice of shopping travel Mode choice of travel after shopping Number Percentage 
1 car driving car driving 450 19.16% 
2 public transport public transport 653 27.80% 
3 car passenger car passenger 267 11.37% 
4 walk walk 890 37.89% 
5 public transport walk 28 1.19% 
6 walk public transport 61 2.60% 
7 Other 0 0.00% 
After looking at mode choice preference, the relationship between mode choice 
and tour type will be looked into. Figure 6-3, Figure 6-4, and Figure 6-5 show the 
modal share made by older people distinguished by type of tour. The results 
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indicate that tour type has significant effects on mode choice. Simpler the tour 
type is (fewer purposes, fewer stops), mode choice less likely changes. 
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Figure 6-3 Modal share of different tour types-1 
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Figure 6-4 Modal share of different tour types-2 
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Figure 6-5 Modal share of different tour types-3 
6.3 Empirical Analysis 
6.3.1 Model attributes 
The overall objective of this chapter is to understand the effects of different 
factors on older people's shopping travel mode choice. For the calibration of the 
various models discussed in this study, the estimation software BIOGEME 
(Bierlaire, 2003) was used. This estimation tool can be used for all types of 
closed-form as well as mixed GEV model structures. Furthermore, the program 
can accommodate non-linear utility functions. 
Combined mode choice of trips before and after shopping is the dependent 
variable. There are mainly five sets of independent variables included in the 
model estimation. First of all, travel cost (GBP) and travel time (minutes) of the 
two trips before and after shopping; secondly, tour type characteristics explained 
by stop number and travel purpose etc; thirdly, transportation service system 
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characteristics; fourthly, individual and household socio-economic variables and 
fifthly, the Index of Multiple Deprivation and the separate Indices of Deprivation. 
From the extracted data, trips made by car driving, public transport, car 
passenger, and walk are taken separately to estimate linear regression models of 
travel time for all transport modes (Table 6-3). These regression models are used 
to estimate the travel time for all unchosen alternatives in the MNL, NL and 
mixed logit models. 
Table 6-3 Calculated travel time for different modes (t-statistics included in 
brackets) 
Travel time = constant + coefficient travel distance (100m) 
car driving (R2=0.364) = 10.96(45.79) + 1.35(36.61) '` travel distance 
public transport(R2=0.041) = 29.49(81.10) + 0.4(11.09) travel distance 
car passenger(R2=0.451) = 12.12(33.77) + 1.45(33.72) travel distance 
walk(R2=0.090) = 0.00 + 6.7(19.88) travel distance 
The travel cost for these unchosen alternatives is estimated as follows which 
follows assumptions made by Schmöcker et al (2006) in regression models with 
same LATS data: 
0 When older people have a freedom pass the trip cost is assumed to be 0 
otherwise the public transport cost is taken as £ 1. The Freedom Pass 
allows free travel on London's public transport for people aged 60 or over 
and for people with certain disabilities who live permanently in a London 
borough in off peak time. Single fare of public transport is 80p for bus 
and £1.5 pounds for underground. In the following models bus and 
underground are not distinguished so that a public transport cost of £1 is 
assumed. 
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0 It is assumed that car passenger costs are free since Schmöcker et al 
(2006) found with the same data set that this is a reasonable assumption 
0 Further following Schmöcker et al (2006), the marginal car costs are 
estimated at 12p per mile (= 7.44 pence / km) plus associated parking cost. 
LATS contains data on the nature of parking for chosen trips. For all the 
missing car trips and for the unchosen alternatives, the charge for parking 
in both Inner London and Outer London is estimated at £3 and £1 
respectively. In summary, the total cost for driving is estimated as: 
7.4pence * travel distance (km) + parking cost. 
Trip characteristics included in the model are travel purpose after shopping 
(going home or not), travel purpose in a tour (shop only or not), simple tour or 
not. The number of tours on the day surveyed was included in a model, but the 
results are not significant. 
Transportation service system characteristics include bus stop density per road 
km, bus served direct destination, bus headway, underground stop density per 
road km, underground served direct destination, underground headway. These 
public transportation system characteristics are only included in mode choices 
involving public transport. Figure 6-6 and Figure 6-7 show the differences in the 
bus stop density and bus headway distribution throughout London. The figures 
show that there are significant differences between different parts of London and 
that there is unsurprisingly a clear focus of the services around the city centre. 
Figure 6-8 and Figure 6-9 show the distribution of the older population within 
London and in which areas the proportion of older people is higher. The figures 
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suggest that there might be some (weak) correlation between bus stop density 
and the place of residence of older people. In particular many older people live in 
East London and the service quality in some of the East London wards is also 
better. Whether older people choose their place of residence because of better 
public transport quality or whether London's public transport operators react to 
the demand is unclear. There might also be because the influence from property 
price etc. The following analysis will include whether the better service quality 
has an impact on service uptake. 
1 
7 
1 
1 
Figure 6-6 Bus stop density distribution Figure 6-7 Bus headway distribution in 
in London London 
Figure 6-8 Distribution 
population throughout London 
(96) 
(385) 
(129) 
(18) 
(627) 
I) 
of older 
Figure 6-9 London areas with high 
proportion of older people 
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Household and individual socio-economic variables included in model estimation 
are age, travel disability, household income (over £25000 or not), household 
location (Inner London or not), gender (male and female), household vehicle 
access. Following findings from Alsnih and Hensher (2003) the "younger-old" 
(60-74) and the "older-old" (75+) are distinguished and a dummy variable for 
older-old is introduced. 
6.3.2 Additive separability 
In the study, the value of travel time and the value of travel cost for trips before 
and after shopping are supposed to be different. So there are two coefficients for 
travel time and two coefficients for travel cost in model A. As a comparison, in 
model B, only one coefficient for travel cost and travel time respectively are 
included. In model A and B, only constant, travel cost and travel time are 
included, excluding any other variables. In model B, travel cost and travel time 
of the two trips are added together and divided by two. The results are listed as 
follows: 
Table 6-4 The Equality of The Two Trips (bold indicates 95% significance level, 
Italian indicates 90% significance level) 
Model A Model B 
cost 
cost after -2.00 
t-statistics -15.91 
cost before -1.20 
t-statistics -11.89 
cost for two trips -3.20 
t-statistics -25.08 
time 
time after 0.01 
t-statistics -4.04 
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time before 0.01 
t-statistics -5.84 
time for two trips 0.02 
t-statistics 8.40 
Log-likelihood final 
value 
-5892.41 -5892.48 
with constants only -6587.06 -6587.06 
ratio test 1389.29 1389.17 
R-squared 0.11 0.11 
The coefficient of travel time and travel cost in model B are the subtotal of 
model A. The coefficients of two trips in model A are not the same. The 
performances of the two models are quite similar, and final value of log- 
likelihood are almost the same. Although model A includes more independent 
variables, in order to differentiate trips before and after shopping, in the 
following analysis, two-trip approach is used. 
In this study, there are 10 alternatives in the mode choice set. One alternative is 
composed of mode choices of two trips before and after shopping travel. Most 
people use the same transport mode before and after shopping. There are also 
some people choose difference modes, for example, when walking is used as the 
mode choice for one trip, and another transport mode is quite likely to be chosen 
for the other trip. Mode choice combination without walking has very small 
percentage (alternative 11), so it is ignored in the study. 
It is assumed that walking happening before shopping is different from walking 
after. In another word, the sequence of modes matters in modal combination. In 
model D, the coefficients for walk + car driving (alt 8), walk + public transport 
(alt 9), and walk + car passenger (alt 10) are different from the coefficients of car 
driving + walk (alt 5), public transport + walk (alt 6), car passenger + walk (alt 7). 
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In model C, the coefficients for the six mode choice combination are the same. 
Comparing the two models, model D performs better with higher final value of 
log-likelihood -5697.65 compared with -5725.34 of model C. It implicates that 
the two groups are different. Additive separability of utility is tested and it is 
found that it does not hold. It is necessary to include the 10 alternatives in the 
model estimation. 
Table 6-5 Additive Separability (bold indicates 95% significance level, Italian 
indicates 90% significance level) 
Model C Model D 
cost al t 1-4 
cost after -2.00 -2.00 
t-statistics -12.91 -13.00 
cost before -1.20 -1.10 
t-statistics -8.55 -8.39 
time al t 1-4 
time after 0.00 0.00 
t-statistics -0.35 -0.88 
time before 0.00 0.00 
t-statistics -0.01 0.08 
cost al t 5-7 
cost after -1.40 -1.20 
t-statistics -10.93 -7.20 
time al t 5-7 
time after 0.02 0.03 
t-statistics 11.01 11.26 
time before 0.03 0.00 
t-statistics 11.38 1.03 
cost alt 8-10 
cost before -1.40 -1.80 
t-statistics -10.93 -8.83 
time alt 8-10 
time after 0.02 0.00 
t-statistics 11.01 0.89 
time before 0.03 0.03 
t-statistics 11.38 12.01 
Log-likelihood final value -5725.34 -5697.65 
with constants only -6587.06 -6587.06 
ratio test 1723.43 1778.82 
R-squared 0.13 0.14 
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6.3.3 Multinomial logit model 
Firstly a MNL model was fitted to the simple tour data and the estimation results 
are reported in Table 6-6. Since there are few observations for such trips with 
mode changes as shown in Table 6-2, only trips without mode change are 
considered. Trips made by driving only (to and from the shopping place) are the 
reference category. It is interesting to note that none of the socioeconomic 
variables are significant. Various other models have also been fitted. In particular 
the interaction between socioeconomic variables has been tested but not found to 
be significant and the model fit was also not improved. The model suggests that 
for a very basic choice model that does not distinguish the different public 
transportation modes very few parameters can explain the choice fairly well. 
(The log likelihood ratio is 0.46). In particular travel cost, the availability of a car 
in the household and the bus stop density are significant. All else being equal 
travellers in London areas with a higher bus stop density will be more likely to 
use public transport. The model distinguishes the travel time to the shopping and 
from the shopping to the return home. The travel time after shopping for drivers 
does not have the expected sign as it suggests that all else being equal travellers 
prefer routes that take longer. Travel demand is generally defined as an activity 
derived demand, so logically travellers would prefer routes that take a shorter 
time. Therefore a positive sign is not expected. This could arise because of a high 
correlation between travel time and travel cost, so further study of mode choice 
will be described in the next chapter. The travel cost is however highly 
significant with the expected sign. The travel cost and time for other modes have 
small values with varying signs. The findings in general support the findings in 
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the literature suggesting that older people are cost sensitive but that travel time is 
not of as importance. That might also explain why the bus headway variable is 
not found to be significant. 
Table 6-6 Multinomial Logit for simple trips (** indicates 95% significance level, 
* indicates 90% significance level) 
Mode specific variables 
Drive Public 
transport 
Passenger Walk 
Travel time before -0.07 -0.04** -0.01 0.001 
Travel time after 0.81** 0.02** -0.02 0.03** 
Travel cost before 0.28 0.34 
Travel cost after -14.43** -0.2 
Socioeconomic 
Age(65-74=1) Reference -0.26 -0.36 0.27 
Travel Reference 0.34 1.1 1.68 
Gender (Male=1) Reference 0.45 -1.2 1.12 
Car in household 3.82** 1.6** 
Income (annual, Reference -0.85 -0.8 -0.17 
Accessibility variables 
Bus service headway -0.01 
Bus stops per km of 2.34** 
Rail stops per km of 1.61 
Number of individuals 2237 
Number of 2349 
log-likelihood at -1335 
Number of parameters 29 
Log likelihood ratio 0.46 
6.3.4 Nested logit model 
To account for the potential existence of hidden correlation between some of the 
alternatives, several separate nested logit models were estimated with the same 
data. The framework of the two models with significant nests and best model fit 
(1 and 2) and other two tested nest structures is shown in Figure 6-10: 
1. Mode choice of trips before and after shopping not changed ("Same 
Mode"); 
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Nest A: Public or private transport mode before shopping and walking 
after shopping (Nest "Walk from shop"); 
Nest B: Walking to shopping center and change to a private or public 
transport mode after shopping (Nest "Walk to shop") 
2. Same mode choice before and after shopping ("Same Mode"); 
Nest A: Different mode choices before and after shopping (Nest 
"Different Mode") 
3. Nest A-C: Car passenger, car driving, public transport in at least one 
stage; 
Nest D: Walking before and after shopping 
4. Nest A: Public transport or walk before and after shopping; 
Nest B: Automobile (driving or car passenger) in at least one trip 
"Same Mode" 
"Walk to shop" 
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Figure 6-10: Frameworks of Four Nested Logit Models (1-10,10 alternatives 
shown in Table 6-1) 
The third and fourth nesting structures do not produce parameter to show 
correlation within nests. So the results will not be introduced here. The results of 
the models with two nests and one nest are shown in Table 6-7 and Table 6-8. In 
model 1, the nesting parameters take a value of 1.38 and 1.44 (both significantly 
different from 1 according to the t-test 2.20 and 2.64), implying a correlation 
between the unobserved utilities around 0.49 and 0.52. In model 2, the nesting 
parameter takes a value of 1.27, not as significant as model 1. Results of the two 
Nested Logit Models are similar. The result suggests that models assuming older 
people first decide on whether deciding to only walk one way to the shopping 
centre before deciding on a specific mode combinations are reasonable. In terms 
of model fit the reported NL is not significantly worse than the MNL model, 
170 
even though in this case 10 alternatives are considered and simple as well as 
complex tours are included. 
The results regarding the accessibility variables are similar to the MNL model. In 
particular rail stop density (includes tube) is not significant which might be 
because of less usage of this mode due to often low provision for those with 
walking disabilities. The income effect is still not very significant, though the 
model does show that those with high income are less likely to use public 
transport. Interestingly however whether the household is in Inner or Outer 
London is significant. Those livening in Central London are more likely to drive 
even after having accounted for car availability and income effects. Reasons 
might be the less frequent "corner shops" and supermarkets in the very city 
centre. Some of the socio-economic variables that were not significant in the 
MNL model have now become more significant. In particular those with a 
disability are more likely to use mode combinations. Those aged less than 75 are 
more likely to walk and use public transport on the return than those older. This 
supports findings in the literature showing that there is a difference between the 
more mobile "younger-old" and the "older-old". 
All mode specific constants are negative, which means that, all else being equal, 
making the whole journey by driving is the preferred mode. This also supports 
findings emphasising that independence is important for the quality of life for 
older people. The coefficients of travel cost of shopping trips, and travel cost of 
the trips after shopping are significantly negative, which is expected. Other 
models (not shown) have been estimated including mode specific travel costs and 
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travel time but the differences between modes were not found to be significant 
nor do the models show significant improvements in terms of model fit. 
If the traveller went home after shopping (possibly after visiting multiple shops 
but not combining the trip with any other purposes) then walking to the shop and 
returning by a motorized mode is more likely. This is according to our 
expectations but the model also suggest that more complex mode choice 
combinations only occur for more complex shopping tours. In other words in 
simple shopping tours where travellers only leave their house to visit one shop 
before returning again home mode choice combinations are rare but if several 
shops are visited mode choice combinations are rather considered. If the tour is 
simple older people are more likely to use public transport. Interestingly however 
if the tour consists of more purposes than only shopping, mode choice 
combinations are less likely. These might however be mainly tours where the 
main purpose is combined with shopping. 
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6.3.5 Mixed multinomial logit model 
Although socio-demographic characteristics of older people are included in the 
previous models to explain the variation in decision-makers' behaviour, the limitation 
of the data (along with inherent randomness involved in decision-making) means that 
there will be some remaining random variation. 
In this study, the main objective of using mixed logit model is to prove the existence 
of individual heterogeneity rather than testing the advantages of mixed logit model 
mathematically. Significant coefficients and random taste heterogeneity Evas 
identified for 2 coefficients: two travel cost coefficients. Hensher and Greence (2001) 
pointed out in most empirical studies that one tends to get similar means and 
comparable measures of spread for normal, uniform and triangular distribution. For 
reasons of simplicity, a normal distribution was used for the four coefficients. The 
distribution is chose according to previous literature. Indeed, by using a normal 
distribution, researchers in effect make an a priori assumption that the coefficient 
takes a positive value for some of the respondents. The use of bounded distributions 
is in this case preferable (Hess, Bierlaire, & Polak 2004). However, in the present 
application, the normal distribution led to very good performance, the performance of 
the model is improved significantly compared with MNL. And from previous study, 
normal distribution is also a good choice (Hess, Bierlaire, & Polak 2004). 
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The results of the estimation are summarised in Table 6-10. The MMNL model leads 
to an improvement in adjusted R square from 0.44 to 0.48. This illustrates the 
important gains in model fit that result from accommodating random variations in 
respondents' tastes. 
In terms of actual estimation results, the model shows that, the effect of using a 
Normal distribution for the travel time (before shopping) and the two travel cost 
coefficients have probabilities of wrongly signed coefficients of 5% or less. The 
probability of having a wrongly signed coefficient for the travel time after shopping is 
more than 5%. The effect of travel cost of the trip after shopping is much bigger than 
the effect of travel time, which is not consistent with previous study. This also 
confirms that further study on travel time is necessary. 
In this section, IMD score and each domain score including one sub-domain score is 
added into the mixed logit model separately to estimate the influence of deprivation 
on older people's mode choice. The inclusion of IMD or domain score does not 
improve the model significantly; final log-likelihood was only improved less than 10 
units after the inclusion of another 9 variables. The coefficients of IMD or domain 
score are not significant either. 
But most of the signs of the coefficients are reasonable. 
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" Older people from more deprived areas (higher deprivation scores) are less 
likely to choose the joint choice of private transport and walking. These older 
people have less chance of using private transport. 
9 Older people from areas with less income, lower employment rate, less 
accessible service facilities, and worse living environments are less likely to 
choose the joint choice of private transport and walking. They have less 
chance of using private transport and the environment does not allow them to 
use walking more. 
" Older people from areas with higher health and disability deprivation scores 
are less likely to use public transport and walk (walking before and/or after 
shopping) but are more likely to be car passenger. Older people from areas 
with more crime deprivation are less likely to walk. 
But the Income Deprivation Affecting Older People Index-which is a subset of the 
Income Domain-has significant effects on older people's mode choice (Table 6-11). 
Older people from areas with more deprived income affecting older people are more 
likely to use public transport. 
Table 6-9 Mixed multinomial logit model diagnosis 
Model: 
Mixed 
Multinomial 
Logit 
Number of draws: 1000 
Number of estimated parameters: 100 
Number of observations: 4513 
Number of individuals: 4186 
Null log-likelihood: -7712.89 
Init log-likelihood: -7712.89 
Final log-likelihood: -3935.4 
Likelihood ratio test: 7554.97 
Rho-square: 0.489763 
Adjusted rho-square: 0.476798 
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6.4 Conclusions 
This chapter looked at mode choice of older people to and from shopping places. One of 
the key conclusions is that the availability of. bus services does significantly influence the 
mode choice. It is primarily the bus stop density that encourages older people to use public 
transport more frequently whereas the bus service frequency does not appear to be of the 
same significance. These could have several political implications. Firstly, it makes a case 
to provide bus stops closer to older citizens' homes and it could be argued that providing 
more frequent bus services is not as important for older people. Secondly, these findings 
might strengthen the case for alternative special transport services such as dial-a-ride which 
provide door-to-door services. The models and figures show however also that independent 
travel is important for older people and that the percentage of trips made by walking is not 
significantly decreasing with age. Any transport policy supporting special transport services 
would have to consider this. 
The chapter further provides findings about mode choice of older people in trip chains 
which could also have wider implications. It was argued that the pattern of the shopping 
tour has significant effects on the mode choice. It was found that for more complex 
shopping trips more complex mode choice combinations were chosen. Further research 
should show whether this argument also holds the other way round: If better private and 
public transport services are provided older people will be more likely to engage in trips 
with multiple shopping stops. It is further known that the proportion of older people driving 
is continuously increasing. Those driving seem to be more likely to engage in trips with 
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multiple purposes such as leisure trips combined with shopping. Therefore in the future 
complex trip tours of older people might increase even further. 
Besides these, the model confirmed several findings of other research described in the 
literature review and throughout this chapter, such as the importance of car availability, that 
older people with high income are less likely to use public transport, the influence of 
gender on public transport usage. Further for older people a central London residence 
seems to deter them from walking, using public transport and rather encourage car usage. 
This might be at first surprising but further research could confirm whether this is due to 
more frequent and more accessible food shopping facilities in the neighbourhood for those 
living outside the city centre. 
The dataset used for this analysis further does not include a number of factors that might 
influence the mode choice significantly. In particular distinguishing the type of shopping 
trip would be of value. The retail industry often distinguishes not only between food and 
non-food shopping trips but also between "trolley" and "basket" shopping (Ibrahim and 
McGoldrick, 2003). This further information on the type of trip could improve the model fit 
significantly. 
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7 Dogit model mode choice 
In the previous chapter, the effects of travel cost and travel time of a trip, network variables, 
and socio-demographic variables on the mode choice of older people's shopping travel 
were analysed. It is shown that some trip-related network and socio-demographic variables 
have significant effects on older people's shopping mode choice. But there are several more 
points that need to be clarified, so the mode choice for older people's shopping tours will 
be investigated further in this chapter. 
From the results of the previous chapter, the sign for travel time is positive, which is not 
reasonable compared with a lot of other studies. In so far as the demand for travel is derived 
from other non-travel activities, one would expect the sign for travel time to be negative. 
This chapter is going to reformulate the independent variables included to improve the 
model. First of all, a rate form is used instead of expenditure form. Secondly, Box-Cox 
transformations are used for model estimation. Thirdly, the importance of analyzing mode 
choice sequence before and after shopping will be clarified. Generally, mode choice in one 
tour would not change. But if one trip in a tour is walking, another trip in the same tour is 
quite likely to be different, as shown in the last chapter. In order to emphasise the 
importance of mode choice change, the mode choice set is composed of mode choices of 
trips before and after shopping. The increase of the number of alternative mode choices 
increases the difficulty of the model estimation. In this chapter, the analysis will show that 
the extra effort is necessary. Fourthly, dogit parameter will be included to show older 
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people's preference for certain mode choices. This is to test if there is thick tails (captivity) 
for mode choice of older people's shopping travel. 
7.1 Introduction of Trio 
In this chapter, free software called Trio is used. Since 1979, various regression algorithms 
that use direct Box-Cox (BC) transformations have been specified by Gaudry and his 
collaborators and programmed by his team at the University of Montreal. The resulting 
software is called Trio. 
Trio can deal with three classes of models: level models, share models, and probability 
models. For this study, discrete choices should be modeled using probability class 
algorithms. In the probability class, the expected value of the dependent variable can be 
viewed as the probability of a particular state, and mutually exclusive choices are observed, 
typically in the guise of non-ordered categorical data. The model types used in this chapter 
include: 
P-2 (Logit with Box-Cox transformations): this procedure (Gaudry et al., 1993) allows the 
user to specify the simplest root procedure of the PROBABILITY class, or more complex 
ones. 
P-3: Standard Dogit with Box-Cox transformations. 
Trio can also apply Box-Cox transformations to individual variables or to complete 
functions, allowing generalizations of the Multinomial Logit Model. In this study, the Box- 
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Cox transformation is used for some models. The improvements of the models after using 
Box-Cox transformations show that linear assumptions do not hold for some independent 
variables. 
In the following empirical analysis sections, the results of various models estimated by Trio 
will be listed. 
7.2 Empirical Analysis 
The analysis in this paper is based on an interim version of the London Area Travel Survey 
2001 (LATS), provided by Transport for London (TfL). The data used is the same as the 
last chapter. The combined mode choice of trips before and after shopping is the dependent 
variable. There are mainly three sets of independent variables included in the model 
estimation. First of all, the average travel speed, travel price and distance of the two trips 
before and after shopping; secondly, transportation service system characteristics; thirdly, 
individual and household socio-economic variables. 
From the extracted data, travel time and travel cost are just as in the last chapter. After 
travel time and travel cost, travel speed (0.1km/min) and price (pound/0. lkm) are 
calculated based on these: 
Speed = (distance1+ distance2) / (timel+time2) 
Price = (cost 1+ cost2) / (distance 1+ distance2) 
Then distance (0.1km) is calculated: 
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Distance = (distance 1+ distance2) /2 
where distance 1, timet and costl are respectively travel distance, travel time and travel cost 
of the trip before shopping, and distance2, time2 and cost2 are similarly defined for the trip 
after shopping. Travel cost is calculated as in Section 6.3. Distance and travel time are 
extracted from the data. Transportation service system characteristics include bus stop 
density per km road, bus served destination (which is found insignificant, so deleted later), 
bus headway, underground stop density per km road (insignificant), underground served 
destination (insignificant), underground headway (insignificant). Household and individual 
socio-economic variables included in model estimation are age, travel disability, household 
location (Inner London or not), and gender. 
In the model estimation, Trio is used. Four main assumptions about the model are outlined: 
1. It is tested whether the Rate specification is better that the Expenditure specification in 
this case. 
2. It is tested whether the optimal form is different from both 1 (linear) or 0 (logarithmic). 
3. That, in modal combinations, order of the modes matters; utility is not additively 
separable. 
4. Pick a reasonable model with sufficient socio-economic variables and test whether 
captivity parameters (thick tails --or modeller's ignorance) still matters. 
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7.2.1 Rate Form 
In the last chapter on mode choice of older people's shopping trips, the value of travel time 
and the value of travel cost for trips before and after shopping were supposed to be different. 
Although the adding of extra independent variables makes the model more complicated, it 
was found that the values of travel time and travel cost of the two trips before and after 
shopping are not the same. The inclusion of two separate trips could improve the 
performance of the model, but it is not very significant. In order to avoid over 
parameterization, in this chapter, the one-trip approach will be used. 
Standard applications of discrete choice models use two forms of the time and money 
characteristics of modes: the expenditure form (travel cost, travel time) and the rate form 
(cost per unit of distance, speed, distance). If the optimal form of the utility functions is 
logarithmic, these two forms give the same log-likelihood and the parameters of the first 
can be derived by recombination of the parameters of the second. However, the two models 
differ if the optimal form is not logarithmic. In that case a frequent advantage of the Rate 
form is that colinearity (between the 3 variables Price, Speed and Distance is much lower 
than that with the variables Fare, Travel time and Distance). Table 7-1 lists results of the 
models. 
After analyzing mode choice using expenditure specification, the results are not so good. 
The sign of travel time is close to 0 or positive, which is not reasonable and not consistent 
with a lot of other studies on mode choice. Generally speaking, a longer travel time should 
deter travellers. A rate specification is therefore used to remove this source of colinearit`'. 
186 
In the rate specification time is replaced with speed and money cost with unit price (cost 
per unit distance). Distance is also included. Since there are some trips of less than 0.1 km, 
these are coded as 0 for speed, price and distance, resulting in the exclusion of these trips as 
a speed of 0 is not acceptable. Another disadvantage of the two-trip approach is that more 
records will be lost, since every record with one trip of speed zero will be deleted. 
Four models are estimated to compare rate form with expenditure form. Model Logitl is in 
rate form (price, speed and distance) without any Box-Cox transformation. Model Logit2 is 
in rate form with 3 Box-Cox transformations on price, speed and time. Model Logit3 is in 
expenditure form (time and cost) without any Box-Cox transformation. Model Logit4 is in 
expenditure form with 2 Box-Cox transformations on time and cost. It is found that rate 
form without or with Box-Cox transformations has a higher log-likelihood than expenditure 
form without or with Box-Cox transformations respectively, and the signs in the rate form 
are reasonable. 
Table 7-1 Mode Results of Expenditure and Rate Form with and without Box-Cox 
Transformation 
Model Type LogitI Logit2 Logit3 Logit4 
Rate Rate Expendi 
ture 
Expendi 
ture 
No-BC BC No-BC BC 
Beta 
speed 2.10 7.50 
(t-statistics) 5.12 7.45 
price -4.00 -2.70 
(t-statistics) -17.60 -25.67 
distance 0.68 1.70 
(t-statistics) 18.83 24.27 
travel time 0.01 0.00 
(t-statistics) 5.62 5.49 
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travel cost -1.60 -2.80 
(t-statistics) -24.92 -28.45 
bus headway -0.05 -0.05 -0.03 -0.03 
(t-statistics) -4.11 -4.75 -3.06 -3.21 
bus accessibility 0.81 0.93 0.66 0.78 
(t-statistics) 2.91 3.19 2.42 2.85 
Box-Cox 
Transformation 
lambda/price 0.16 
unconditional t- 
statistics=0 
5.86 
unconditional t- 
statistics=l 
-30.74 
lambda/cost 0.21 
unconditional t- 
statistics=0 
8.02 
unconditional t- 
statistics= I 
-30.85 
lambda/time 1.27 
unconditional t- 
statistics=0 
13.10 
unconditional t- 
statistics=l 
2.74 
lambda/distance 0.04 
unconditional t- 
statistics=0 
0.53 
unconditional t- 
statistics=l 
-14.29 
lambda/speed 1.75 
unconditional t- 
statistics=0 
15.38 
unconditional t- 
statistics=l 
6.60 
General Statistics 
Final value of 
loglikelihood 
-5459.54 -5016.66 -5787.91 -5426.88 
Initial value of 
loglikelihood 
-6465.64 -6465.64 -6465.64 -6465.64 
R-s uared 0.16 0.22 0.11 0.16 
Number of 
alternatives 
10 10 10 10 
Number of 
observations 
4435 4435 4435 4435 
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7.2.2 Box-Cox Transformation 
In model LogitI, Box-Cox transformation is applied to some variables to test if advantages 
of the BC transformation over classical linear logit are significant in some situations. 
In this study, distance, speed, price could not be negative, so the standard Box-Cox form 
will be used to compare with standard logit model. The aim of the Box-Cox 
transformations is to ensure the usual assumptions for linear models hold. That is, 
y " N(Xß, C2I) . Clearly not all data could be power-transformed to normal. Four models 
with Box-Cox transformation are listed below to see if the power-transformation is useful 
or not. 
Model Logit5 has Box-Cox transformation on speed, model Logit6 has Box-Cox 
transformation on price, model Logit7 has it on distance, and model Logit2 has Box-Cox 
transformation on speed, price and distance. Compared with model Logitl, model Logit5, 
Logit6, Logit7, and Logit2 all have higher final log-likelihoods. Model Logit2 has the best 
performance (final value of log-likelihood -5016.66), which justify the Box-Cox 
transformation for speed, price and distance. The linearity assumptions about these 
variables are not robust enough. 
Table 7-2 Rate Form Models with or without Box-Cox Transformation 
Logitl Logit5 Logit6 Logit7 Logit2 
Rate Rate Rate Rate Rate 
No-BC BC BC BC BC 
Beta 
speed 2.10 6.10 2.60 2.10 7.50 
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(t-statistics) 5.12 5.12 6.01 5.46 7.45 
price -4.00 -3.90 -2.70 -4.10 -2.70 
(t-statistics) -17.60 -17.29 -25.46 -18.03 -25.67 
distance 0.68 0.68 0.69 1.70 1.70 
(t-statistics) 18.83 19.27 18.95 23.94 24.27 
bus headway -0.05 -0.06 -0.05 -0.05 -0.05 
(t-statistics) -4.11 -5.18 -4.69 -4.08 -4.75 
bus accessibility 0.81 0.70 0.94 0.79 0.93 
(t-statistics) 2.91 2.53 3.32 2.77 3.19 
Box-Cox 
Transformation 
lambda/distance -0.03 0.04 
unconditional t- 
statistics=0 
-0.53 0.53 
unconditional t- 
statistics=l 
-16.20 -14.29 
lambda/price 0.16 0.16 
unconditional t- 
statistics 0 
5.84 5.86 
unconditional t- 
statistics=l 
-30.61 -30.74 
lambda/speed 2.09 1.75 
unconditional t- 
statistics=0 
7.43 15.38 
unconditional t- 
statistics=l 
3.87 6.60 
General Statistics 
Final value of 
loglikelihood 
-5459.54 -5423.37 -5174.04 -5330.76 -5016.66 
Initial value of 
loglikelihood 
-6465.64 -6158.29 -6465.64 -5734.55 -6465.64 
R-s uared 0.16 0.16 0.20 0.18 0.22 
Number of 
alternatives 
10 10 10 10 10 
Number of 
observations 
4435 4435 4435 4435 4435 
7.2.3 Additive separability using Box-Cox transform 
In this study, there are 10 alternatives in the mode choice set. One alternative is composed 
of mode choices of the two trips before and after shopping travel. Most people use the same 
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transport mode before and after shopping. There are also some people who choose different 
modes. 
It is assumed that walking before shopping is different from walking after shopping. In 
other words, the sequence of modes matters in modal combination. In model Logit9, the 
coefficients for walk + public transport, walk + car driving, and walk + car passenger are 
different from the coefficients of public transport + walk, car driving + walk, car passenger 
+ walk. Shown in Table 7-3, in model Logit8, the coefficients for the six mode choice 
combination are the same. Comparing the two models, model Logit9 performs better with 
higher final value of log-likelihood -4787.91 compared with -4954.57 of model Logit8. 
This implies that the two groups of models are different. Additive separabilty of utility is 
tested and it is found that it does not hold. It is necessary to include the 10 alternative in the 
model estimation. 
Table 7-3 Additive Separability 
Logit2 Logit8 Logit9 
Rate Rate Rate 
BC BC BC 
Beta 
speed(1-4) 7.50 11.00 10.00 
(t-statistics) 7.45 10.06 8.41 
rice(1-4) -2.70 -1.00 -1.50 
(t-statistics) -25.67 -26.09 -25.19 
distance(1-4) 1.70 0.76 1.90 
(t-statistics) 24.27 19.22 24.09 
speed(5-7) 7.50 10.00 4.60 
(t-statistics) 7.45 5.03 2.05 
price(5-7) -2.70 -0.17 -0.34 
(t-statistics) -25.67 -10.26 -10.86 
distance(5-7) 1.70 0.79 1.90 
(t-statistics) 24.27 17.96 19.20 
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speed(8-10) 7.50 10.00 8.10 
(t-statistics) 7.45 5.03 2.00 
price(8-10) -2.70 -0.17 -0.22 
(t-statistics) -25.67 -10.26 -9.82 
distance(8-10) 1.70 0.79 1.60 
(t-statistics) 24.27 17.96 17.31 
bus headway -0.05 -0.01 -0.05 
(t-statistics) -4.75 -0.60 -4.47 
bus accessibility 0.93 1.80 1.10 
(t-statistics) 3.19 6.32 3.67 
Box-Cox 
Transformation 
lambda/distance 0.04 0.75 0.01 
unconditional t- 
statistics=0 
0.53 5.32 0.15 
unconditional t- 
statistics=l 
-14.29 1.77 -14.03 
lambda/price 0.16 -0.52 -0.51 
unconditional t- 
statistics=0 
5.86 -13.26 -9.49 
unconditional t- 
statistics=l 
-30.74 -38.55 -28.09 
lambda/speed 1.75 1.62 1.66 
unconditional t- 
statistics=0 
15.38 12.58 13.76 
unconditional t- 
statistics=l 
6.60 4.83 5.46 
General Statistics 
Final value of 
loglikelihood 
-5016.66 -4954.57 -4787.91 
Initial value of 
lo likelihood 
-6465.64 -6465.64 -6465.64 
R-squared 0.22 0.23 0.26 
Number of 
alternatives 
10 10 10 
Number of 
observations 
4435 4435 4435 
7.2.4 Logit model with socio-economic variables 
In this section, Model Logit2 is expanded by adding some socio-economic variables in 
Table 7-4. Not all socio-demographic variables have significant effects on mode choice of 
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shopping travel. There are four variables added into model LogitlO to Logitl3; age, 
disability, household location and gender. It is found that the inclusion of these variables 
could improve the performance of the model. Mode choice of shopping travel is 
significantly affected by travellers' socio-demographic variables. 
Table 7-4 Models with Socio-Economic Variables and the Dogit Model 
Logit 10 Logit I1 Logit l2 Logit 13 Dogit 1 
Rate Rate Rate 
BC BC BC 
Beta 
speed 7.50 10.00 7.50 7.40 4.57 
(t-statistics) 7.52 8.54 7.50 7.48 9.63 
price -2.60 -2.20 -2.70 -1.70 -28.58 
(t-statistics) -25.46 -25.71 -25.25 -25.01 -11.38 
distance 1.70 1.40 1.70 1.70 3.31 
(t-statistics) 24.17 23.27 24.27 24.46 21.00 
bus headway -0.06 -0.05 -0.06 -0.03 -0.08 
(t-statistics) -5.00 -4.55 -4.84 -3.22 -5.53 
bus accessibility 0.90 0.81 0.93 1.10 15.34 
(t-statistics) 3.08 2.82 3.18 3.91 1.60 
Age(1: 65-74; 0: 75+) 0.43 0.38 0.34 1.02 
(t-statistics) 2.59 2.33 2.09 1.88 
Travel disability (with=l, 
without=0) 
0.74 0.67 1.36 
(t-statistics) 3.84 3.55 2.46 
Household location (Inner 
London=1, Outter 
London=0) 
-0.91 -0.93 
(t-statistics) -3.38 -0.97 
Gender (male=1, 
female=0) 
-1.00 -1.00 -0.97 -0.29 -1.89 
(t-statistics) -6.62 -7.04 -6.50 -2.14 -4.07 
Box-Cox Transformation 
lambda/distance 0.04 0.17 0.04 0.08 14.93 
unconditional t- 
statistics=0 
0.64 2.30 0.56 1.27 1.57 
unconditional t- 
statistics=l 
-14.12 -11.30 -14.28 -13.87 1.46 
lambda/price 0.14 0.05 0.16 0.02 -0.59 
unconditional t- 5.25 2.12 5.70 0.87 -6.32 
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statistics=0 
unconditional t- 
statistics=1 
-31.48 -40.44 -30.41 -38.22 -17.03 
lambda/speed 1.74 1.77 1.74 1.74 0.59 
unconditional t- 
statistics=0 
15.43 16.76 15.42 15.83 12.06 
unconditional t- 
statistics=l 
6.54 7.27 6.56 6.71 -8.36 
General Statistics 
Final value of 
loglikelihood 
-4977.69 -5005.85 -4990.81 -5042.73 -4744.52 
Initial value of 
loglikelihood 
-6465.64 -6465.64 -6465.64 -6465.64 -6465.64 
R-squared 0.230 0.226 0.228 0.220 0.270 
Number of alternatives 10 10 10 10 10 
Number of observations 4435 4435 4435 4435 4435 
Captivity Parameters 
theta 1 0.044 
theta2 0.058 
theta3 0.014 
theta4 0.007 
thetas 0.023 
theta6 0.023 
theta? 0.001 
theta8 0.0004 
theta9 0.046 
theta 10 0.005 
Model LogitlO is chosen as the reference model for further dogit model estimation. There 
are mainly three sets of independent variables. First of all, it is the travel-related 
characteristics in rate form including price, speed and distance. Price and speed are coded 
as generic variables, which does not imply that price and speed are the same for all 
alternatives, only that they have the same effect on mode choice. This is to avoid over 
parameterisation in this model estimation. Only distance is coded as an alternative-specific 
variable (all other mode choices compared with walk + walk), as a result, travel cost and 
travel time are still alternative-specific compared with walk + walk. As distance is basically 
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the same6 for all modes, it behaves as a socio-economic variable and typically requires a 
reference mode (here Mode 4 -Walking+ walking). The second set of independent 
variables is transportation service system characteristics. The dataset we hold provides data 
about bus stop density per km of road, number of direct destinations served by bus, bus 
headway, underground stop density per km of road, underground served destinations, 
underground headway. It is found that bus stop density per km of road and bus headway 
have significant effects on people's mode choice for shopping travel. The third set of 
variables consists of socio-economic variables. 
In model LogitlO, the sign for speed is 7.5, and the sign for price is -2.6. Mode choice with 
higher speed, lower price is a better choice for shopping travel. The coefficient of distance 
is 1.7, which implies that compared with walk + walk, other transport modes are more 
attractive. 
Transportation service system characteristics are only specific to alternatives involving 
public transport and generic across these modes. The model further shows that higher bus 
stop density per road km has a positive effect on choosing public transport, and longer bus 
headways have negative effects on public transport choice. But the effects of underground 
are not so significant. This might be caused by older people's lower possibility of using 
underground or the travel purpose of tours. Most shopping travel happens locally, so the 
shorter distances mean that underground would be less used. 
6 In some case, it is possible to include Distance in all modal utility functions but then only if some of the 
Distance variables have different shapes (Box-Cox transformations) from the others. This was not possible in 
this case. 
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Socio-economic variables are estimated to compare with drive + drive mode choice, while 
generic for other alternatives including public transport, walk, and car passenger. So it is 
difficult to explain the results. 
7.2.5 Standardised Dogit Model 
A standardised dogit model is estimated, which adds 10 positive captivity parameters, 
shown in Table 7-4. The standardised dogit model (final log-likelihood=-4744.52) does 
have better performance than model LogitlO (final log-likelihood=-4977.69), comparing 
the two log-likelihood using chi-square test (critical value (p=0.05, n=10) =18.31), which 
suggests that older people do suffer forms of modal captivity. 
In the estimation, it is found that 8 captivity parameters are statistically significant. The 
results therefore indicate clear evidence of captivity. However, the actual degree of 
captivity is small with the choice set (captivity) probabilities for some alternatives. It is 
found that older people are more captive to public transport for shopping travel, irrespective 
of whether public transport is used for two trips or used for the trip after shopping. This 
could be explained by the freedom and independence provided by public transport and 
older people's declining driving ability. It could also be explained by the burden produced 
by shopping, so when the trip before shopping is walking, public transport are more likely 
to be chosen for the trip after shopping. Following public transport, some older people are 
captive to driving + driving for their shopping travel. This implies that some older people, 
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although their driving ability is fading. Walk + walk actually has the highest percentage in 
the mode choice, but older people are not so captive to walking. 
In Table 7-5, alternative specific constants of Logit 10 and Dogit 1 are listed. Constants are 
used to absorb unobserved heterogeneity. The sign of the two sets of constants are not the 
same at all the time. In Model logit 10, shown from the constants, walking + walking is the 
mode choice mostly likely to be chosen, followed by public transport + public transport, 
walking + public transport. The constants of the model Dogit 1 also show the same trend 
for walking + walking, public transport + public transport and walking + public transport. 
Although the constants for the alternatives of car passenger + walk, walk + car driving and 
walk + passenger are negative for Model logit 10, they are not significant. Comparing the 
two sets of constants, more constants in the model Dogit 1 are significant. In the model 
Dogit 1, captivity parameters capture more heterogeneity in addition to constants. This 
shows that the mode-specific constant is not an alternative to the corresponding dogit 
model captivity parameter, and therefore demonstrates these parameters are capturing 
different effects. 
Table 7-5 Constants of Logit 10 and Dogit 1 
Alternative 1 2 3 4 5 6 7 8 9 10 
Logit 10 Reference 2.3 1.4 3.5 0.092 1.7 -0.051 -0.27 2 -0.13 
t-statistics 7.24 5.84 14.72 0.33 5.13 -0.2 -0.97 6.07 -0.51 
Dogit 1 Reference 29.72 26.84 29.72 28.72 4.57 4.57 28.48 29.34 25.32 
t-statistics 10.93 10.2 11.16 10.66 9.64 9.64 11.27 10.78 9.59 
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7.3 Conclusions 
In this chapter, older people's mode choice of shopping travel is analyzed by the Trio 
software. It is demonstrated that a rate form rather than an expenditure form is better in this 
case. The advantages of including 10 alternatives are clarified. Trips before and after 
shopping are different. It is also shown that Box-Cox transformations improve the model fit 
in terms of log-likelihood significantly. 
Finally, the dogit model suggests that older people do have forms captivity, perhaps not 
surprisingly. Captivity parameters capture heterogeneity in addition to other parameters in 
standard MNL model. The inclusion of the captivity parameters improves model 
performance significantly as shown by the chi-square test. In addition to alternative specific 
constants, captivity parameters show that for older people, public transport + public 
transport, walking + public transport are more likely to be chosen for shopping. Most trends 
shown by the captivity parameters and the mode specific constants are similar, but the 
captivity parameters did not show that walking + walking is preferred by older people to 
driving + driving, which is different from what the alternative specific constants show. In 
summary, the dogit model is attractive in situations where one wishes to model unit record 
data that potentially exhibit an extent of captivity in the choice outcome process. 
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8 Specialised transport services 
8.1 Introduction 
After analysing older people's travel behaviour, we may conclude the following: Compared 
with the younger population, older people's trip chain complexity is not decreasing. But 
age, of itself, is found to lead to less complexity as shown by the differences in behaviour 
between the `young-old' and the `old-old' irrespective of how travel disabilities are 
reported to affect their mobility. 
For older people, their majority of travel is shopping-related. In their shopping tours, older 
people choose simpler tour types. Regarding the trip sequence, older people have some 
preferences. Unitary purpose tours are preferred. Transport mode availability has 
significant effects on older people's travel choices. If they have no access to private 
transport, public transport is extremely important for them, but the limitations of public 
transport can impose constraints on their activities. 
From the analysis, it is clear that older people are losing their mobility, travelling less and 
travelling in less complex ways. Department for Transport (2001) has found that one-third 
of older people wish to engage in more activities than they currently do. Among those who 
would like to engage in activities more often, transport difficulties are mentioned by 
upwards of one in four (with the exception of sport/leisure activities). Transport difficulties 
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are mentioned more often by older people (80 plus), women, people from ethnic minorities 
and non-drivers. 
As people age, there are changes in their transport requirements. First of all, physical 
changes associated with aging often affect abilities required for some transport modes, such 
as driving, so their mode choice set changes. Secondly, different life styles change travel 
demands, for example few older people need to pick up or drop off children. Thirdly, their 
time and money constraints on travel are altered as well; generally they have more time but 
less money. Fourthly, specific schemes like special transport services (STS) or subsidised 
mainstream public transport influence their mode choice. Schmöcker et al (2005a) found 
that subsidized taxi services and free off-peak bus and train usage indeed has a positive 
effect on older people's mobility in London. Differences in personal mobility between 
younger and older people mean that older people need different transport services. 
Nonetheless, due to increased life expectancy, better physical status and extended driving 
life, older people are on average achieving higher mobility when compared with earlier 
generations (Noble and Mitchell, 2001). These dramatic changes in mobility aspirations 
will provide new challenges for the provision of transportation services. 
In order to satisfy older people's demand for travel, traditional transport services are being 
improved. For example, bus operators have invested in new vehicles, in particular new low- 
floor buses, supported by UK Government funding through the Bus Service Operators 
Grant. Around 29 percent of full-size buses are now accessible to wheelchair users, and all 
new regulated buses have to meet minimum accessibility requirements (Department for 
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Transport, 2004a). At the same time, there are some special transport schemes to provide 
services for older people. Some of these schemes are national, some are local. These 
schemes complement mainstream transport services to increase diversity to older people's 
transport supply and better satisfy older people's travel demands. As suggested by Whelan 
et al. (2006), strategies to improve alternative transport options include improved public 
transport options, new mobility services, promotion of transport options awareness, 
programs supporting walking and cycling and promotion of electric scooters. In this chapter, 
special transport schemes in the London Borough of Camden are investigated as a case 
study. 
This chapter is structured as follows. Section 8.2 emphasizes the importance of Special 
Transport Services (STS). Camden is a community well serviced by transportation options 
for nQn-drivers, and this section introduces these transportation options. Section 8.3 
describes the communication between these services and further investigates the possibility 
of giving better services for older people by improving coordination between these schemes. 
Section 8.4 then concludes that there is a need to improve STS services in order to reduce 
unit costs and improve the service quality. 
8.2 Transport situation in Camden 
In London a large number of STS exist. This chapter will describe them and show that the 
cooperation between them is quite limited. One coordination example in London is the 
Newham Pilot Scheme (Bell et al. 2004). The aim of this two year pilot project was to 
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improve door to door transport services through integration of the Dial-a-Ride service with 
the Taxicard scheme. The result was an improvement in service quality leading to an 
increase in demand which unfortunately had not been budgeted for. The overspending led 
to a stop of the two year trial in 2004. 
In this chapter, the Borough of Camden in the North of Inner London is the study target. 
There are national, Londonwide and local special transport provisions in Camden. Section 
8.2 describes the five Special Transport Services operating in the London Borough of 
Camden, these are: ShopMobility, ScootAbility, PlusBus, Taxicard and Dial-a-Ride. 
8.2.1 Introduction 
Camden has a higher proportion of older people compared to Inner London which means 
there are a potentially larger number of STS users. Camden has a total size of 21.7km2 and 
a total population of 198020 residents and 10.71% of the population are aged 65 or older 
(compared to 10.27% in Inner London) (National Statistics 2001) 
According to the average score of Index of Multiple Deprivation (IMD) 2004, Camden is 
the 7th most deprived among the 33 Boroughs in London. The Index of Multiple 
Deprivation 2004 is established by the Social Disadvantage Research Centre at the 
Department of Social Policy and Social Research at the University of Oxford. It is a 
measure of multiple deprivation at the small area level. The model of multiple deprivation 
which underpins the IMD 2004 is based on the idea of distinct dimensions of deprivation 
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which can be recognized and measured separately. These are experienced by individuals 
living in an area. 
Only 44.4% of Camden households have a car or van which is the 6th lowest in London 
(National Statistics 2001). In the London Area Travel Survey (LATS) 2001 data, 388 older 
people from Camden were surveyed, only 40.2% (even less than Camden average) of older 
residents in Camden stated that they had access to a car either because they owned one or 
because family or friends would drive them. Therefore nearly 60% of older residents in 
Camden rely on public transport (including STS) and walking as their means of transport. 
Schmöcker et al (2005b) reported that density of public transport stops and destinations 
served are important indicators to measure the accessibility of public transport. Figure 8-1 
and Figure 8-2 outline the density of bus stops and the number of destinations (stops) 
served without interchanges by bus services in Camden at the 4 digit postcode level (an 
area often covering 3000-10000 residents). In Figure 8-1 white shows those areas with a 
lower bus stop density (less than 0.7 stops per km road length) and dark blue shows the 
highest bus stop density (more than 0.9 bus stop per km road length). The number of bus 
stops per km road length in 2/3 of Camden is less than 0.7, compared to an average of 0.81. 
Figure 8-2 illustrates that more than 2/3 of Camden have less than 19.68 destinations served 
directly by bus (white and light blue colour) compared to a Camden average of 69.69. This 
shows that within Camden the distribution of bus services is not even. In addition to the 
density of stops and the number of destinations served, we also measure the frequency of 
buses turning up at bus stops which also shows that the South of Camden is much better 
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served by mainstream public transport. This inequality also exists for train and underground 
services. The 19 Underground stations and 14 railway stations of Camden are mainly in the 
South. Therefore STS in Camden is not only needed to serve those with mobility 
impairments but also to supplement public transport in areas that are less accessible. 
Figure 8-1 Bus Accessibility in Camden 
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Figure 8-2 Bus Destinations Served in Camden 
There are a variety of Special Transport Services (STS) running in Camden, but most 
schemes are designed for limited distance, limited travel purpose etc. Even Dial-a-Ride, 
one of the most open schemes, only provides transport service within the borough. In the 
following sections of this chapter, available STS in Camden are introduced in more details. 
Camden Council's accessible transport webpage explains the Borough's one-stop solution 
for older people or anyone with a disability who has a need to travel (Camden Accessible 
Transport Service 2005). Even though Camden is probably the Borough in London with the 
most attractive STS, the Department for Transport (2001) reported regular users of STS are 
often not satisfied: There are several complaints that council funded schemes are heavily 
over-subscribed and so bookings have to be made some two weeks in advance and it is 
often difficult to plan so far ahead. Also, there is no system for telephoning passengers and 
letting them know if the minibus is running late or has been taken out of service. 
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In Camden available special transport provisions are organized very differently and run on 
very different scales. ShopMobility operates nationwide, the Taxicard and Dial-a-Ride 
schemes operate London-wide, whereas PlusBus and ScootAbility only exist in Camden. In 
the following these five services are described in more details. Recently all services except 
PlusBus have developed their own logo to raise awareness and become more distinctive 
(Figure 8-3). 
SCOOTABILITY wromý*Eý«"^ýý A/\'Card 
'n' ,;, Shopmobility e 
Figure 8-3 Scheme Logo of Special Transport Services 
8.2.2 ShopMobility 
There are over 100 ShopMobility schemes operating in Britain (Morris et al., 1995). These 
services, funded by local authorities and/or local charities, are one of a series of measures 
designed to help disabled and older people gain access to town-centre shops and other 
facilities. The schemes vary in size and the services they offer. ShopMobility of Camden is 
not a big scheme with only 14 vehicles available. 
The Camden Shopmobility scheme loans Personal Electric Vehicles (PEV) and manual 
wheelchairs to local residents and visitors with mobility impairments. By using these 
vehicles, disabled people can visit their local shops, facilities and open spaces more easily. 
All permanent residents in the United Kingdom can use the scheme once they have become 
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a member. The annual membership fee is only £4 and there is no charge for hiring a PES' 
vehicle for the day. Manual wheelchairs can be hired at £15 per week. For non-members 
who want to use the service for one day only there is a one-day membership available at a 
cost of £1.30 per day. The ShopMobility office is open Monday to Saturday 9.30am - 
4.30pm. Full training is given. Users must, however, collect the PEV from a Shopmobility 
centre. 
Morris et al (1995) pointed out that ShopMobility customers are positive about this scheme. 
Customers said the scheme had given them independence, improved their lifestyle, given 
them freedom of choice and eased the burden on their family and/or carer. But 
ShopMobility also has some shortcomings for users. One important aspect is how to get to 
the location providing the service for older people with travel disability. 
The London Committee on Accessible Transport and Birmingham City Council study 
showed that at least 60 percent of customers visit ShopMobility by car (and in other UK 
cities the proportion is much higher). 72% of users get to ShopMobility by private transport 
and 21% by taxi (Morris, Lawson, and Watters 1995). If potential ShopMobility users do 
not have car access, this is a severe problem. The new pilot scheme ScootAbility aims to 
solve this problem. 
207 
8.2.3 ScootAbility 
This new scheme also provides PEV loan, but the service is not the same as ShopMobility. 
The scheme is a pilot project developed in partnership between the London Boroughs of 
Islington and Camden. The scheme aims to provide an innovative approach to reduce social 
exclusion by loaning Personal Electric Vehicles, scooters or electric wheelchairs, to eligible 
residents. The scooters will be on loan for approximately 1 to 3 days at a time (including 
weekends), thereby providing flexible travel alternatives to supplement conventional public 
or door-to-door transport. The vehicles will be sent to and picked up from the users' home. 
1-day only scooter loans are also available from a limited number of community resource 
centres. By using this scheme, if the loan is longer than one day, the users do not need to 
travel to collect the vehicle, they can get it delivered to their home. 
Membership is £5 a year. The scheme is aimed at people aged 55 and over living in 
Islington and Camden with mobility impairments. The project will aim to reach between 
200-300 residents, including those in areas with low coverage of public transport, and will 
involve the placement of scooters in Sheltered Housing and Day Centres. The vehicle can 
travel 12 to 14 miles with a fully charged battery. 
8.2.4 PlusBus 
PlusBus is a scheme provided by Camden Borough, and consists of PlusBus door-to-door 
and PlusBus hail-and-ride. Both services operate with minibuses that can accommodate 
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large electric wheelchairs. For the door-to-door service, users need to pre-book the trip, 
whereas the hail-a-ride scheme operates on routes and users do not have to pre-book but 
can simply wait anywhere along the route. 
In 2003 the PlusBus door-to-door service had around 600 members and 5 vehicles. Out of 
these 600 members, 415 also had a Taxicard, and 15 were also Shopmobility users. 85 
members further possessed a Freedom Pass, meaning that they were probably capable of 
using mainstream public transport services. The PlusBus service is free, and all Camden 
older people are eligible for the scheme. But the scheme is only in operation from Monday 
to Friday, 0830 to 1630. PlusBus can be used for all purposes, except emergency hospital. 
According to past records, most trips are destined for day care centres or shopping. 
8.2.5 Taxicard 
Taxicard is the largest STS in Camden. It provides door-to-door services with commercial 
taxis. There are no restrictions on where to go or the purpose of the journey, providing it 
starts and finishes in the Greater London area. The scheme offers a 24-hour service, 365 
days a year. There were in 2003 4063 Taxicard members in Camden making 67890 trips. In 
order to become a member, applicants must undergo a health-check. On average, each 
member made less than 2 trips per month. Unlike PlusBus, Taxicard is not free. A flat fare 
of £1.50 is charged for journeys up to £10.80 on the meter, plus all normal extras for 
example for luggage or travel companions. Journeys costing more than £10.80 will cost 
£1.50 plus the amount over £10.80. The number of subsidised trips is limited. According to 
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member banding, which is a result of the previous health check, an allowance of 48,72,96 
or 120 trips per annum are given. 
8.2.6 Dial-a-Ride 
Similar to PlusBus, Dial-a-Ride is a door-to-door service with minibuses for disabled 
people who can not use public transport. It generally provides local trips within the 
Borough, but longer journeys can sometimes be arranged on request. The scheme is not 
organized by Camden but run independently with support from Transport for London, 
however, the application process is through the Camden Accessible Transport Unit. 
There were 968 Dial-a-Ride members in Camden in 2003. The service is available between 
6am and tam, 365 days a year, but the service is relatively limited late at night and on 
public holidays. Dial-a-Ride in Camden is provided by the Paddington Depot which also 
serves several other Boroughs in the central London. In Camden, the average monthly trip 
rate of each Dial-a-Ride member was 4.56 trips (Sep-Nov, 2003), the average trip distance 
was 1.61 miles (SD=1.3 miles) which is much shorter than the average trip distance for 
Taxicard trips or the average distance of all trips made by older people in London 
(mean=2.74 miles, SD=7.61) according to data from the London Area Travel Survey 
2001(LATS). 
In Figure 8-4, the green line shows the average total number of trips provided by three 
Specialised Transport Services each month, showing that the Taxicard scheme provides the 
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most trips. The blue bars in the figure show the average monthly trip rate per member for 
the three schemes. Taxicard is the lowest. This shows that the number of members joining 
each scheme is different. Some schemes aim to provide less service for more people, other 
schemes aim to provide more service for fewer people. 
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Figure 8-4 Monthly Trip Rate and Average Trip Rate per Member for Three Schemes 
8.2.7 Summary and usage statistics 
Table 8-1 summarizes some key information of the Special Transport Services (STS) 
running in Camden. 
Table 8-2 outlines advantages and disadvantages of each scheine from a user perspective. 
Taxicard provides transport service covering the whole greater London. In focus groups 
and, surveys conducted by Transport for London users mentioned that this is one of the 
biggest advantages of the scheme as friends and family are often spread over several 
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Boroughs. Trips provided by PlusBus and Dial-a-Ride are mainly limited within Camden. 
The vehicles used in ShopMobility and ScootAbility (electric charge required for most 
vehicles) mean that the maximum distance reachable is 6 to 7 miles, but health or weather 
conditions might limit this even further. The cost of using each scheme is different as well. 
PlusBus is free; Taxicard is the most expensive, which is one of its biggest disadvantages. 
Table 8-1 General Information on Special Transport Services 
Maximum Annul Working Scheme 
Distance member 
Charge 
hours 
Members Booking 
-ship fee 
within 
Monday 
advance PlusBus 
Camden 
Free Free to Friday 600 booking 0830-1630 
Short term 
Taxicard greater Free 
£1.50+ 
all time 4063 
booking or 
London extra hail taxi on 
street 
within Advance Dial-a-Ride Camden Free £0.6+ 0600-0200 968 booking 
Monday 
ShopMobility 6-7 miles £4 Free Saturday 
Open to 
public 
Not required 
0930-1630 
Users take Advance 
ScootAbility 6-7 miles £5 Free Scooter 200-300 booking of 
home Scooter 
Table 8-2 Advantages and Disadvantages of Schemes 
Scheme Advantages Disadvantages 
Free Pre-booking required 
PlusBus Door-to-door 
Limited travel distance 
No possibility to chain 
tries 
Taxicard no 
limitation for travel Relatively expensive 
distance compared to other STS 
Door-to-door 
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no pre-bookin 
cheap 
Dial a Ride 
Door-to-door 
Cheap 
ShopMobility 
Limited service distance 
Easy to chain trips 
Cheap 
Multi-day use 
ScootAbility Vehicles brought to home 
Easy to chain trips 
Pre-booking required 
Limited travel distance 
No possibility to chain 
trios 
Pick-up of PEV at 
ShopMobility office 
Pre-booking required 
Limited service distance 
Currently only Pilot 
Project 
Driving training 
required 
The number of members of each scheme differs significantly. Taxicard has most members. 
But the average usage per member is relatively low. Figure 8-4 shows trips provided by 
PlusBus, Taxicard and Dial-a-Ride per month and the average monthly trip rate per 
member. On average, one Taxicard member only made 1.36 trips per month. PlusBus and 
Dial-a-Ride provide similar services, the scale of DaR is much larger than PlusBus, but the 
average use per member in the two schemes are similar. Trips provided by Shopmobility 
and ScootAbility are difficult to calculate, since the vehicles are assigned to travellers. 
Compared with the other 3 schemes, they are small scale schemes. Although ShopMobility 
is open to the public, there are only 14 PEV or manual wheelchair available. The target 
group for the ScootAbility is 200 to 300 people; however, the scheme is expanding. As part 
of the ScootAbility pilot project evaluation, the users were requested to fill in a trip diary 
for one month, but only 22 completed trip diaries were returned. The analysis showed an 
average daily trip rate of 2.96 trips (SD=1.01) if a PEV is available. 
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8.2.8 Other STS services in Camden 
Besides these five schemes for completeness, some other transport provisions for older 
people in Camden should also be mentioned: all people attending National Health Service 
(NHS) hospitals for treatment who are medically unfit to travel by any other means are 
entitled to have free Patient Transport Services. This NHS service is however strictly for 
hospital transport only and therefore not considered in the above discussion. 
Further, all London Boroughs use their discretionary powers to fund, to a greater or lesser 
extent, voluntary groups, funding "Community Transport" projects to provide subsidized 
transport. These services are for example often used to transport severely mobility 
impairment people to day-care centres or other social activities. 
Finally, although not an accessible transport scheme, the Freedom Pass scheme needs to be 
mentioned as it encourages people to use mainstream public transport when they are able to 
do so. All Londoners older than 60 are allowed to apply for a Freedom Pass that allows 
them to use buses, trains und underground services within Greater London after 9.30am 
free of charge. 
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8.3 Coordination of Special Transport Schemes 
8.3.1 Introduction 
The last section outlines the operational characteristics of the Special Transport Services 
operating in Camden and the usage of these schemes by older residents in Camden. It is 
illustrated that in some aspects the schemes supplement each other but there is also 
significant (unnecessary) overlap between them. Further many users are not satisfied with 
the current situation and the costs of the schemes are exceeding the available budget. This 
section discusses how a better coordination between the existing schemes can better serve 
the user needs and reduce the costs. 
In Camden, currently the Accessible Transport Services Unit (ATSU) of the Borough 
Government is the central information point for the above mentioned services. However, 
the ATSU does not have operational control over most of the schemes, for example there is 
no control over the NHS transport services and only a very limited information exchange. 
Further, even though the ATSU manages the application process for Taxicard as well as 
Dial-a-Ride, the booking and scheduling for both services is done without knowledge of the 
ATSU. As described the PlusBus, ShopMobility and ScootAbility services are fully 
managed by the ATSU, but even for these three schemes the management is separate. There 
is a common customer database showing in which scheme a resident is a member, however, 
the trip databases are separate using different data formats. 
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The following will discuss the advantages that would arise from coordinating the schemes 
better. MacKenzie (1993) also pointed out that a lack of coordination in the provision of 
services is an important limiting factor to achieve an acceptable level of service. The 
challenge is how to develop services cost effectively without undermining their quality. To 
improve the service cost efficiently following changes should be considered. 
8.3.2 Co-ordination possibilities 
8.3.2.1 Vehicle sharing 
The sharing of vehicles between the schemes should be encouraged. One successful 
example for this is the operation of emergency and non-emergency ambulance services by 
the same vehicle fleet in most non-metropolitan areas in Britain (Bailey, 1984). Further in 
the London Borough of Newham, school buses are used for Dial-a-Ride service in the off- 
school hours. In Camden it is thinkable to use PlusBus vehicles also for Dial-a-Ride 
services. This improvement would not have much influence on service quality but could 
reduce unit cost. 
8.3.2.2 Information provision 
Information about special transport services should be disseminated in a whole package. 
Focus group analysis for ScootAbility in Camden showed that many older people involved 
in one scheme do not know about other schemes. Many of the older people only become 
aware of other schemes through family or if they get in contact with the ATSG for some 
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reason. However, registration for any scheme should result in information of all special 
transport schemes applicable to the person. This improvement could improve the service 
efficiency as well as user satisfaction. 
8.3.2.3 Sharing of booking information 
Better communication on management level could result in less service km operated by not 
reducing the service quality. In Camden the ATSU operates PlusBus door-to-door but Dial- 
a-Ride is operated independently. The services are however designed for relatively similar 
purposes and targeting a similar group of people. Currently for example two persons 
booking similar trips separately with the two schemes will result in two vehicles being sent 
instead of one vehicle picking up both passengers. Clearly this could increase service cost. 
A better understanding of older people's demand could further result in a better design of 
the services. For example Dial-a-Ride service vehicles are often nearly empty and the 
demand could be handled with smaller vehicles. In the London Borough of Newham the 
Door-to-Door (D2D) project therefore tried to combine the Taxicard and Dial-a-Ride 
services. Even if commercially operated taxis were used it was found that the cost per trip 
for the operator can be cheaper than sending a d2d minibus in any case. This could result in 
more demand being served in a more cost-efficient way. 
217 
8.3.2.4 Joint control over scheme membership 
In order to send an appropriate vehicle, the operator needs to know the special needs of the 
person (for example even though London taxis can load a normal wheelchair, a larger 
vehicle needs to be sent for electric wheelchair users). For this, one centre needs to retain 
the control over eligibility and membership of schemes. Users with less mobility 
impairment could then be assigned to less subsidized transportation modes. Further, one 
central service membership authorization could improve fairness and reduce disagreement 
as to which scheme a user should be allowed to use. It could further reduce the health 
checks required for different schemes. 
8.3.2.5 Coordination with Mainstream Public Transport Services 
Further, the coordination between mainstream public transport and Special Transport 
Services is important. For example in London, almost all buses are now low-floor, so that 
in some cases STS could provide feeder service for mainstream public transport. Where the 
demand for mainstream public transport is low, the service could even be replaced by 
demand responsive services open to everyone. This could reduce costs and improve the 
service for older as well as younger residents. 
8.3.2.6 Regional instead of local centres 
A small local centre has more difficulty in matching transport demand and supply. In many 
cases it seems therefore beneficial that several local centers would merge into a regional 
centre. This could result in cost reductions and increase service quality through allowance 
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for longer distance trips across the region. Dial-a-Ride across London is a good example for 
this development. Instead of six booking centers, Dial-a-Ride has now merged into one. 
8.3.2.7 Cooperation between governmental departments 
Finally, not only a good coordination of transport demand and transport supply, but also 
coordination with other governmental departments providing health and welfare service is 
desirable. Fowkes (1994) showed that the cross-sector benefits of STS are significant. He 
explained for example that increasing the mobility of older people will reduce the need for 
expensive home care. Involving different departments will therefore help to involve those 
in most need of STS and emphasize the need for funding of these schemes. 
8.4 Summary and Conclusion 
Older people's transport is becoming one of the most important challenges of transportation 
research. The objective is not only to understand their complex travel behaviour but also to 
provide suitable services. In this chapter, the London Borough of Camden is taken as a case 
study. In the Borough, older people can use private transport, traditional public transport or 
STS to satisfy their travel demand. It was found that STS fulfil requirements that can not be 
served by traditional public transport. 
In Camden, there are various Special Transport Schemes provided for older and disabled 
people to help them travel more freely, in particular Dial-a-Ride, Plusaus, Taxicard. 
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ShopMobility, ScootAbility. These services, their service attributes and their usage have 
been described in this paper. These services cover a wide range of needs and the Borough 
of Camden is therefore a good example for considering all population groups in their 
transport policy. 
Figure 8-5 summarises the usage of the schemes in terms of trip distance and user groups. 
Dial-a-Ride is primarily designed for travel within Camden. The service operates «- ith 
minibuses and is primarily used by people with disabilities. These could be retired or 
younger disabled people. Plusaus is also operating Camden-wide and is used by older 
people with and without mobility impairments and younger disabled people. For trips 
outside Camden older and disabled travellers are required to use the Taxicard scheme if 
they are members, otherwise mainstream public transport is the only alternative besides the 
private transport mode. The ShopMobility and ScootAbility schemes are introduced to 
cover the need for short-distance trips for those with walking disabilities. Figure 8-5 shows 
that no other scheme covered this type of demand before. The two schemes are further 
often used for trip chaining which is difficult with any of the other special transport 
schemes. 
Such a variety of schemes is introduced because of the diversity in people's travel demand. 
At the same time, the various schemes in Camden overlap in terms of what kind of demand 
they cover. The study discussed that some of the overlap might be reduced by better co- 
ordination between the schemes but that some overlap will be unavoidable. This is because 
the mode choice of older people is only to some degree depending on the service attributes 
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and how this is corresponding with their needs. It is in many cases rather depending on a 
number of factors that are difficult to capture in mode choice models: 
Firstly, "preoccupation" and habit are important factors. For example, many users stick to 
PlusBus and do not consider Dial-a-Ride as an alternative simply because PlusBus has been 
in use for a longer time. Secondly, the influence of friends and other contact persons is 
important. For example one attendee of a focus group said that she does not join 
ScootAbility because her friend has not joined and she feels it is not feasible to drive the 
scooter when she is travelling with her walking friend. Thirdly, it was found that not all 
users are aware of all schemes. Which schemes older people are aware of also significantly 
depends on their activities and social contacts. 
Therefore in order to reduce overlap, the promotion of all available alternatives is important. 
It is especially important to inform ageing people starting to use Special Transport Services 
as they will be less likely to change their habits the longer they have used a scheme. From a 
transport planning point of view it is important to consider whether a new service will 
indeed be needed before launching the scheme. The usual supply-demand interaction 
leading to an equilibrium situation and an assessment criteria whether the service is needed 
does not apply in the same way for special transport services. For special transport services 
it is rather the local authorities that need to ensure that also the demand of those with severe 
disabilities is covered but that resources are not wasted due to overlapping schemes. 
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Figure 8-5 STS in Camden and the demand the schemes cover 
222 
9 Mobility Scooter Usage in London - Results from the 
ScootAbility project 
Last chapter introduced most special transport services available in Camden. Among these 
schemes is ScootAbility, currently a pilot scheme. This scheme has significantly different 
characteristics from other special transport services. It is actually providing a vehicle for 
older people to drive completely independently. Most other special transport services are 
providing transport services which will require a driver, so older people are still dependent 
on other people. Shopmobility is similar with ScootAbility in one way, but older people 
have to go to a ShopMobility centre to access a scooter rather than a scooter being sent to 
the home of an older person as in the ScootAbility scheme. So ScootAbility provides older 
people travel independence. 
9.1 Introduction 
Compared with public transport, private car driving has one important advantage: relative 
independence for the driver concerning time and destination. Many older people therefore 
do not want to give up driving. Personal Electric Vehicles (PEV), as an alternative private 
mode, can provide independent travel to older and disabled people. Moreover, the health 
requirements for using a PEV are less than for driving a car, at least for now. PEVs, 
223 
especially scooters, are increasingly popular among older people. Some schemes related to 
scooters are appearing. 
ScootAbility is a scheme piloted in the London borough of Camden and Islington. The 
scheme is aimed at people aged 55 and over living in the borough with mobility 
impairments and is open to people from different ethnic communities. The project is 
particularly targeted at isolated/housebound and disabled older people. The scheme 
provides Personal Electric Vehicles - scooters or electric wheelchairs on loan. The scooters 
are currently provided without charge and are delivered (by Hackney Community Transport) 
to the person's home for more than 1 day loan (collected at local resource centre for one 
day loan) but have to be pre-booked at least 2 days in advance. The maximum period of 
rent is 3 days at a time (now it is up to 4 days). It is expected that the experience of the 
scheme will cast light on the merits of extending the scheme to a wider area (the Borough 
of Kensington & Chelsea and the County of Kent have also piloted the "Scootability" 
scheme) and people under 55 (now the scheme is open to people age 16 or over). 
During the assessment of ScootAbility, a series of focus groups were convened to 
investigate older people's experiences, and the reasons why some eligible older people do 
not use it. In addition to focus groups, travel diaries were assigned to a small sample of 
older people. They were required to fill this on every day for one month before joining 
ScootAbility and again for every day during one month after joining ScootAbility. The 
focus of the travel diary is to find out the impact of the scheme on older people's travel 
behaviour. 
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9.2 The potential for scooters 
At the 1995 Conference on Mobility and Transport for Elderly and Disabled People. 
Rosenbloom identified the diverse needs of older people's travel make it necessary to 
provide flexible transport services. Private motor vehicles could provide the most flexible 
transport service, but this is an expensive form of travel which not all older people have 
access to, so public transport service becomes extremely important (Department for 
Transport 2001). 
Later reports by Age Concern, in 1998 and 1999 identified that: 
" 91% of single pensioners and 53% of pensioner couples do not own a car and are 
dependent on public transport (Family Expenditure Survey 1996/97) 
0 62% of older female public transport users and 54% of older men needed help to 
use public transport (1994 Living in Britain Survey) 
9 The 1994 Age Concern publication also stated that of people aged 50-74,46% of 
women and 24% of men are regular bus users. 
These statistics show that a substantial proportion of the older population is likely to be 
dependent on public transport to meet their travel needs, despite the fact that in 1994 over 
half of all older public transport users needed help to use it. 
The implications are clear: we live in a society where the proportion of older people is 
rising. This group is more likely to be on low incomes and less likely to have access to a 
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private car than other sections of the population. They are also more likely to suffer from 
one or more disabilities and hence have some form of restricted mobility, while still 
wishing to maintain a good quality of life. Older women in particular are likely to be 
dependent on public transport for their travel needs. For those with some form of restricted 
mobility, mainstream public transport can be difficult to use, if not completely impossible. 
All the above suggests that more transport initiatives are necessary to support the transport 
of older people. 
Government initiatives have increased opportunities for people with disabilities, such as 
disability legislation, which has opened up accessibility to the built environment and 
provided further education, employment and recreational opportunities. Furthermore, a 
desire of the elderly to be more mobile and have adequate access to transport itself is also 
associated with a higher quality of life (Metz 2000). 
The need to be more mobile has led to the growth in the number of people using mobility 
scooters. They have become an increasingly popular and effective way to alleviate the 
impact of mobility limitations for many people in the UK. They offer improved movement 
and independence and are often viewed as less stigmatising than a conventional or powered 
wheelchair (Department for Transport, 2006). 
Assistive mobility devices - including wheelchairs, scooters, canes, crutches, and walkers - 
are effective ways to alleviate the impact of mobility limitations on many people, 
permitting more efficient ambulation over long and short distances, increased independence 
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and the promise of full participation in community life. The use of assistive devices 
increases with age, and because the population is aging, the use of assistive devices is of 
ever increasing importance. Increased use of assistive technology may have helped reduce 
disability at older ages reported by Manton et al (1993), based on data from the National 
Long Term Care Survey in the USA. Although mobility device users represent only a 
relatively small minority of the population with disabilities, their importance transcends 
their numbers. Mobility devices are visible signs of disability and have become symbols 
leading to stigma. Understanding the magnitude and characteristics of the population using 
these assistive technologies is therefore of particular importance. For mobility devices to be 
used effectively, the environments in which they are used must be physically accessible. 
Stait et al (2000) distinguished two groups of PEVs: Electric wheelchairs are any four 
wheeled chairs that are battery powered and controlled by a small joystick or similar device. 
Electric Scooters are three or four wheeled electric powered wheelchairs steered by means 
of handlebars. 
The National Travel Survey reported statistics about people older than 16 with travel 
difficulties. When going out on foot, the percentage of disabled people (including older 
people) who could not walk and therefore use a wheelchair is 5.7%, the percentage of those 
who could not walk and do not have a wheelchair is 5.6% (Kershaw et al, 2000). There is 
no direct data for scooter use. 
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The users of scooters consider them an important contribution to their mobility and to their 
sense of independence and accessibility to local facilities. Accordingly, and with an ageing 
population, there is no reason to believe that this trend of usage will not increase in future 
(Parkes et al, 2003). PEVs enable older people to transport small loads and travel short 
distances around their local community, ensuring continued access to shops and other 
facilities. Other advantages of scooters include low maintenance and running costs, no 
requirement for registration or warrant of fitness, and little space is required for parking. 
PEVs have the potential to make a huge difference to the quality of life of people who can 
no longer drive or access public transport. 
There are also some drawbacks. The initial cost can be significant and a significant group 
of potential users might not be able to afford them. Uneven pavement surfaces and lack of 
adequate curb cutdowns can make travelling by scooter difficult and limit the routes that 
can be used. Further, with the increasing use of Personal Electric Vehicles (PEV), the 
safety of using them should receive more attention for all road users. Issues that are of 
concern to users and policy makers include: 
0 Scooters competing for space on footpaths with other users. Scooter users are of real 
concern to older pedestrians for a number of reasons. First, older pedestrians are 
less likely to hear the approach of scooters. Second, scooters are usually travelling 
faster than older pedestrians, making it more difficult for those with limited 
mobility to avoid them. This again raises anxiety among older people about possible 
collisions and about their vulnerability as pedestrians. 
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0 Problems with visibility. Scooters can be difficult to see if they are immediately in 
front of large vehicles such as buses or trucks. Some scooter drivers do not realise 
that other drivers cannot see them and fail to take this into account when they are 
crossing roads or intersections. 
" Use of excessive speed. This can be especially intimidating for pedestrians. 
0 Inappropriate use of scooters in places like supermarkets or shops. 
0 Scooters travelling on the road instead of the footpath. 
" Drivers forgetting to charge the battery and becoming stranded away from home. 
" Failure of drivers to obey basic road rules. 
Davey and Nimmo (2003) set out the apparent advantages of scooters such as providing a 
significantly cheaper community transport than expensive services such as Dial-a-Ride. 
Further they point out the increase in flexibility for scooter users which can not be provided 
with other public transport schemes. However to date little is known about the influence of 
the availability of scooters on the travel behaviour. 
As a pilot scheme, ScootAbility should be evaluated to assess its advantages and 
disadvantages, whether it should be expanded and how to improve the scheme. The London 
Borough of Camden and Islington, supported by Transport for London, intend to monitor 
and evaluate the ScootAbility scheme. The aims of the study are: 
0 To find out impacts of the scheme on older people's travel pattern and life style. 
" To investigate possible development and generalization of the scheme to a wider 
scope. 
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" To compare ScootAbility with other transport schemes provided for older people. 
0 To identify potential users of ScootAbility and study the effects of the scheme on 
eligible non-users. 
During the evaluation, there were mainly two methods used: focus group and travel diary. 
The results obtained from both methods will be described in the following. 
9.3 Focus Group 
Focus groups, as a form of qualitative investigation, is used to evaluate and monitor 
ScootAbility. A series of focus groups were convened to investigate older people's 
experience of using ScootAbility, understand any specific difficulties they may have and 
how they anticipate these may change in the future, and explore any suggestions for 
improvements to provide better services and attract more users, and study the reasons for 
eligible non-users not using ScootAbility. 
9.3.1 Composition of focus groups 
In order to ask older people's opinion about ScootAbility, focus groups are preferred to for 
example questionnaires. This is because focus groups can investigate far better older 
people's perception of qualitative issues such as perceived benefits, limitations and 
increased mobility. Further, especially for this population group, sending out questionnaires 
230 
asking participants to describe their perceptions are not likely to lead to good response rates. 
A further advantage of focus groups is the stimulation in discussion between participants 
who have had similar experiences. 
The selection of participants for the focus groups was trying to keep members within one 
group neither completely homogeneous nor too heterogeneous. In total five focus groups 
were held and the size of the five focus groups ranged from 3 to 8, each of them lasted from 
1.5 hours to 2 hours. More than one focus group was run also because the outcome of any 
single session may not be representative and discussions can get sidetracked (Nielsen, 
1997). 
All focus group sessions were held within Camden and Islington to ensure good 
accessibility for the participants. The groups were comprised of participants over the age of 
55 who were specifically chosen to reflect differences in age, gender, ethnic origin, level of 
personal mobility and whether or not they participated in the ScootAbility scheme. 
Firstly two focus groups were held with ScootAbility's users. Then another three focus 
groups were held with older citizens of Camden and Islington who were eligible to 
participate in the ScootAbility scheme but chose not to. The composition of these five 
groups was as in Table 9-1. 
Takle 9-1 Composition of the Five Focus Groups: Attendee Characteristics and Group Size 
Focus Scooter usage experience Other characteristics of Group Size 
Group participants 
1 ScootAbility participants All female and from ethnic 3 
minorities 
2 ScootAbility participants Mixed 7 
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3 3 drop out from ScootAbility Mixed 6 
scheme 
1 private scooter user 
2 non-users 
4 Non users All with ethnicity black 6 
5 Non-users All participants have some 6 
disability: 3 with walking 
difficulty 2 with hearing 
difficulty, 
1 using wheelchair 
The first focus group was composed of 3 participants only. This was arranged as it was 
anticipated that these users with very different ethnic backgrounds might have a 
communication problem and in order to give more time to everyone. Another focus group 
of ScootAbility user is composed of 7 attendees (Group 2). 
The following section summarizes the findings from these focus groups. By comparing and 
combining the results, the reasons for and limitations of Scooter usage become clear. 
Whilst these groups provide an insight into people's needs and perceptions of ScootAbility, 
it is important to remember that the comments pertain to a small number of participants and 
therefore are neither statistically reliable nor representative of the population as a whole. 
9.3.2 Advantages of Scooter Access 
Scooters could not be used for all travel of older people. But it does cover part of older 
people's travel demand. The general perception of the focus group participants was that by 
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satisfying part of their travel demand, their travel behaviour changed and as a result, their 
quality of life improved as well: 
0 The general travel purpose of using ScootAbility is to go shopping, to church, to 
visit friends or relatives, to the bank and library, to parks, gyms or to local 
community centres such as lunch club etc. 
" Most users are using scooters for local travel that are rather short distance, while 
there are some older people who would like to use it for longer distance (maximum 
7.5 mile one way). 
"I need that scooter every day, Monday I go swimming, Tuesday I go to the Greek 
community club for exercise, Wednesday Igo swimming and the gym, Thursday Igo to 
the market and see my friend. Igo to my hairdresser, Igo to my church. " 
0 People who could not go out before getting a scooter or did not go out a lot, travel 
more after joining ScootAbility; some people use scooters instead of other transport 
modes they used before, so they just change their transport mode after joining 
ScootAbility; some people use scooters to do some specific trips, such as going to 
the park, scooters are just one of their travel modes, not the most important one. 
Without scooters, some users are completely stuck at home relying on taxis. 
Scooters give them the chance to get out and improve their quality of life. 
" Older people could have more privacy for their shopping. Shopping is more 
attractive by using scooters. Scooter users do not need anybody to go with them and 
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they can decide by themselves when and to some extent where to shop, and the\ 
could chain shopping trips. And they also could carry their goods, although still a 
limited amount only. 
"I go to Chapel Street, and I do the market and Sainsbury's and the new shopping 
centre and Marks and Spencer 's and the bank. " 
"It's good because if I was to go with the bus I wouldn't be able to walk around 
anyway to hold my shopping. So because of the scooter I go to the shops, 
supermarkets and look around. " 
`I have more independence to do my shopping, rather than let anyone know what I 
am shopping, and what I am buying and how I am spending my money. " 
0 The relatives or friends of the ScootAbility users have more of their own time 
because the ScootAbility users do not demand so much help from them. A daughter 
of a focus group participant said: 
"I think it's better for mum, they're independent they don't have to rely on 
anybody. " 
Whelan et al. (2006) pointed out that poor mobility places a substantial impact on 
the individual, their family, the community and the society in which they live. If 
ScootAbility's users could improve their mobility through the project, their families 
also benefit. 
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0 ScootAbility participants noted this increase in independence positively. Some 
mentioned that this level of independence and flexibility could only be provided b% 
car driving before. 
" Some participants also commented on the comfort of scooters compared to sitting in 
buses 
" It was further found that many users have less hesitation to use a Scooter than an 
electric wheelchair. 
Compared with other transport modes and other specialised transport schemes, 
ScootAbility has several advantages. A number of older people are using PlusBus or Dial- 
a-Ride (schemes operated in London defined in Section 8.2) or Taxicard (subsidised Taxi 
trips for people with severe mobility impairments defined in Section 8.2). The most 
significant reasons they do not use ScootAbility is that they have no information about it. 
The ScootAbility scheme has the potential to release the pressure on Dial-a-Ride, Taxicard 
and PlusBus. Although some attendees said they would use the scooter to do more travel in 
addition to their original travel, some expressed the opinion that they would travel with 
almost the same frequency using scooters instead of other transport modes. However the 
increased flexibility of trip chaining with Scooters compared to conventional public 
transport but also other specialized transport services such as Dial-a-Ride services was 
mentioned frequently. Membership of ScootAbility is free at the moment. The five pounds 
membership that is going to be introduced is still viewed as cheap. One user said: It [L5] 
is nothing. " 
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9.3.3 Problems with Travel by Scooter 
Besides these positive perceptions of Scooters following problems were encountered by 
ScootAbility users: 
" The most significant difficulty for users from ethnic minorities is communication. 
They feel booking is difficult, because their English is not good enough. 
"Because it is difficult to have the scooter ... they give you this number to book you r 
first scooter, my English is not very good, sometimes if people talk to me I can't 
understand ... So I phone them up, oh sorry dear it's not this number, I give you 
another number. I phone the second, oh sorry dear it's not this number, it made me 
so upset. " 
" It was commented that the change of scooters being delivered each time can give 
users an unfamiliar feeling. 
" Due to time taken for delivery and collection, a three-day loan does not mean 3 days 
access to a Scooter. Also the demand for Scooters at weekends is high. Therefore 
some participants suggest a5 days loan should be introduced. One woman in the 
focus group suggested loaning a scooter for one year paying instalments. 
" The details of the scheme are not even clear to all users. Therefore they sometimes 
mislead other non-users who ask for information from them. 
" Some shops do not allow scooters to come in. 
"I think there was a shop mother couldn't go into, actually Tesco the one on the 
corner because it was busy and they told her to wait, and they got her shopping 
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there, they bought her shopping but she wasn 't allowed in because the shop it-as too 
small. " 
0 ScootAbility users mentioned that they had to explore the route before travellin`. 
There were for example problems about dropped curbs, pavement and parking etc. 
" Main stream public transport is not accessible with Scooters. In theory, Scooters 
should be allowed on buses, but in practice, few bus drivers would take them. 
" Some scooter users feel pedestrians and drivers are not friendly to them. 
" Only a small amount of shopping can be carried on a scooter. 
" The coverage of Scooters is perceived to be limited. 
" Home accessibility is a problem for scooter users, because scooters need to be 
placed at home. 
" The use of scooters might give older people fewer chances of exercise. One older 
man suggested, just use scooters when necessary, try to walk in order to keep fit, 
otherwise you will find you can not move without a scooter. 
" Better publicity is necessary. Information for all these accessible transport schemes 
could be introduced together, so clients can compare the advantages and 
disadvantages of the different services on offer. 
0 Two days booking notice is not convenient, because the weather is not predictable. 
The booking time for ScootAbility is longer than Comcab or PlusBus Hail and Ride. 
These problems that ScootAbility participants encounter are not only from Personal 
Electric Vehicles own limitation but also from the scheme organization. As a rather ne« 
form of transport, the PEV is limited in its use. The PEV could only cover a rather short 
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distance, and there are also some constraints for using it on public transport such as train, 
bus etc. The requirements towards routes that a scooter can use are also quite high, for 
example, the road surface has to be smooth etc. In order to make scooters a better transport 
mode for older people to use, they should be more flexible and more reliable, and facilities 
for scooter running also could be better managed and improved to make a more friendly 
operation environment. So scooters could be used by older people to reach more and farther 
places. 
The ScootAbility scheme also needs to be adjusted to suit older people's requirements. 
Older people need more information and better communication to make it easier for them to 
use this scheme. And the scheme could be changed according to older people's suggestions, 
for example, scooters could be kept by an older people for longer time. Qualitative method 
such as focus group, depth interview etc could get more feedback from older people, so the 
scheme would be improved. 
9.3.4 Reasons Why ScootAbility Eligible Citizens Chose Not to Join ScootAbility 
The three focus groups with non-users led to following observations about reasons for not 
joining ScootAbility: 
" Several people expressed that they simply did not find it necessary to join the 
scheme. Either their disabilities are not so significant that using public transport is a 
problem or the family support is sufficient. Also the help from community centres 
was mentioned which meant that a need for Scooters was not perceived. 
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" Several of the problems experienced by Scooter users were anticipated, in particular 
home-storage and finding accessible routes. 
" Some older people want their own scooter rather than loaning one from the scheme. 
A private scooter user, who bought his own scooter before the launch of 
ScootAbility, said he still wants his own scooter despite the scheme. He completely 
relies on his scooter. Before getting a scooter, he could only ask his partner to take 
him out. 
" Some people are scared of using scooters, and not confident about driving it in busy 
streets. Further several participants expressed fear of other road users in particular 
teenagers. 
" Scooters were perceived to be useful for holidays but not for daily activities. 
" Time schedules of some older people rely on other family members, so they feel 
that they can not decide themselves when to travel and therefore do not need a 
Scooter. 
" One older person did not want to get a scooter, because she wants to go out with her 
friend who does not use a scooter. 
"A few respondents also mentioned insufficient information. For example for some 
no chance to go to a meeting about ScootAbility meant they did not know a way to 
join the scheme. 
Generally speaking, the promotion of the scheme needs to be better, so more older people 
will know about ScootAbility and have a chance to decide if they want to join the scheme. 
But some older people have limitations which prevent them from joining the scheme, 
239 
especially the storage of the scooter. It should not be ignored that the inertias in older 
people's life style also play an important role. Some older people get used to waiting for 
families or friends providing help in going out, so they do not think a scooter is necessary. 
It should also be pointed out that some older people do not want to use scooters because 
they want to go out with their friends. A scooter society may be a good idea for older 
people using scooters to have more activities together. 
9.3.5 Practical Recommendations for the Continuation of ScootAbility 
Some of these Scooter disadvantages are inherent. However the focus group analysis 
provided some practical recommendation for the ScootAbility project such as better 
promotion of the scheme and its breakdown help as this was another worry of users. Some 
users also suggested to equip every Scooter with a red flag to increase visibility. Also better 
explanation of Scooter attachments, such as how to use the rain cover provided, were 
encouraged. 
Participants further wondered if the existing Scooter fleet could be extended by some 
foldable Scooters that can be placed in a car to encourage multi-modal travel. Another idea 
of users was to encourage some Scooter group activities to help new users get familiar with 
routes that can be taken by Scooters and to have more contact to other users. 
In order to overcome the problem of finding accessible routes several other suggestions 
were made. For example providing pocket maps that indicate accessible routes within 
240 
Camden. Also the importance of Scooter-friendly design of the road infrastructure was 
emphasised, like having pedestrian crossings within reach. 
9.4 Travel Diary 
During the assessment of ScootAbility, travel diaries were assigned to participants. They 
were required to fill in a travel diary for every day of the month before and after attending 
ScootAbility. Participants were asked to record every trip, including travel time, destination, 
mode choice etc. The focus of the travel diary was to find out the impact of the scheme on 
older people's travel behaviour. In the following the "before and after diaries will be 
referred to as Diary 1 and Diary 2 respectively. Diary 2 will be divided into two parts: Days 
with access to Personal Electric Vehicles (PEV days), i. e. Scooters and days without access 
(NON-PEV days). Further, if the respondent went out on a specific day, this day is called a 
"mobile day". 
Several respondents did not answer the before and after questionnaires but dropped out at 
some stage. 47 respondents filled in the travel diaries for at least some days but only 25 
individuals completed both diaries which is too low to conduct a statistically significant 
quantitative analysis. 
Therefore the analysis is limited to a qualitative analysis using descriptive statistics. The 
advantage of the travel diary is that it covers more than 30 days. In the past, some analysis 
of single day travel data has been carried out using sources such as London Area Travel 
241 
Survey data (Transport for London, 2001). Seven day surveys have a long history, with the 
UK National Travel Survey being the oldest and best known one (Department for Transport, 
2001), but it only enables the study of shorter rhythms, say, weekly. 
The travel diaries were filled in by 13 male and 34 female respondents. This inequality in 
response rate might be partly because in the UK at every age over 50 there are slightly 
more women than men. However, this does not fully explain the large difference in sample 
sizes and a range of other factors may have caused this discrepancy. Women may be more 
likely to participate in the ScootAbility project or they may simply be more likely to fill in 
a travel diary. 
A requirement for joining the PEV scheme was that respondents are aged over 55. However, 
within this limit respondents' ages varied significantly. The total age range was from 53 to 
90 years. However, only seven (15%) of the respondents were under the age of 65, and four 
(9%) were over the age of 85. Therefore the majority of the respondents fell between these 
two age ranges. 
The mix in ethnicity of the respondents reflects the ScootAbility appeals to older people 
with various backgrounds. Of the total respondents, 30 (62.5%) classed themselves as 
`White UK'. There were two respondents from the Black Caribbean category (representing 
4.2% of respondents). There was one respondent each with `Asian Other', Bangladeshi, 
Greek/Greek Cypriot, Indian, White Irish and White other background (representing 12.5% 
of respondents) and 9 (18.8%) respondents did not state their ethnicity. 
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A large range of disabilities was listed by the respondents to the surveys. Many respondents 
noted that they had more than one disability, and as such Table 9-2 below represents the 
percentage of respondents who noted they had any specific problem: 
Table 9-2 Percentages of Respondents' Various Disabilities 
Disability % 
Arthritis 45.8 
Back Pain 16.7 
Heart Problem 16.7 
Breathing/Lung Problem 18.8 
Multiple Sclerosis 6.3 
Other 27.1 
Unknown 8.3 
9.4.1 Changes in monthly travel patterns through ScootAbility 
Figure 9-1 shows the days with and without trips for the 25 respondents who completed 
both surveys. The number of days ScootAbility users are going out is only slightly larger in 
the after diary. However on days when a Scooter was available participants are going out 
significantly more. Therefore the evidence that ScootAbility makes respondents go out 
more often is not very strong, instead respondents might schedule their activities to those 
days at which they have access to a Scooter. It would however be interesting to observe if 
older people would go out on more days if they had always access to a Scooter. 
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Investigating travel purposes of days with and without Scooter access further supports these 
findings. Especially leisure trips were shifted to days with Scooter access but the total 
number of leisure trips has not increased significantly (see Figure 9-2). Shopping trips did 
however increase in diary 2 which confirms observations in the focus group that shopping 
becomes more feasible through Scooters. 
In the next section, the influence of ScootAbility on trip patterns during a single mobile day 
will be analyzed. 
Figure 9-1 Mobile Days during the Period of Diary 1, Diary 2 including PEV days and non- 
PEV days 
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Figure 9-2 Travel Purposes of Trips made during Diary 1, Diary2 including PEV and non- 
PEV days 
9.4.2 Number of trips per day and trips per tour 
The availability of ScootAbility may encourage older people who take part to increase their 
daily trip rate on mobile days. Analysis of the daily trip rates in Dairy 1 and Diary 2 
supports this hypothesis as it shows that the daily trip rate in the after survey was higher 
than in the before survey. Further the difference between the daily trip rate of NON-PEV 
mobile days and PEV mobile days within Diary 2 is also significant. 
The arguments to conclude that the Scooter has encouraged users to make more trips is 
however not strong. Firstly the difference between PEV mobile days and NON-PEV mobile 
days is not large. Secondly the before diary was carried out in the autumn whereas the after 
diary was carried out in spring with better weather conditions which might have also 
contributed to longer trip chains. Given these restrictions, the findings in Table 9-3 support 
observations made in the focus group. 
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Table 9-3 Daily Trip Rate on Mobile Days during Diary 1, Diary 2 including PEV and non- 
PEV days 
Total Trips Minimum Maxirau 
(all number of m Mean 
Std. 
respondents) trips mber nu 
Dev. 
of trips 
Diaryl mobile days 400 1 6 2.46 0.95 
Diary2 mobile days 314 1 6 2.83 1.00 
NON-PEV mobile 
days 179 1 5 2.73 0.98 
PEV mobile days 135 2 6 2.96 1.01 
A much stronger argument for the increase in mobility can be found when looking at trips 
per tour. The diaries show that on days with Scooter access the trip number per tour 
(defined as journey from home to home) is significantly larger than on days without 
Scooter access and any day of the before survey Figure 9-3. This also confirms 
observations from the focus group that the biggest advantage of Scooters is the flexibility in 
trip chaining. 
Figure 9-3 The Number of Trips in One Tour during Diary 1, Diary 2 including PEV and 
non-PEV days 
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Analysis of mode choice for simple tours (no trip chaining) and tours with several stops 
also confirms this analysis. In the after survey the modal share of scooter trips was 50% for 
complex tours but only 40% for simple tours. 
9.5 Conclusions and future study 
The ScootAbility project showed that Scooters can lead to an increase in mobility and 
hence quality in life for older and disabled people. This is despite some difficulties with 
Scooter usage that were observed. Within a limited travel distance and in a suitable 
operational environment, Scooters can provide a flexible and independent transport mode 
for older people. The analysis of the travel surveys showed that scooter users are more 
likely to chain trips and that scooters enable older people to do their shopping more 
independently. There is some evidence that Scooters might also increase total travel 
activities but further research should confirm this. 
The most significant problems encountered with Scooters referred to obstruction in the road 
pavement leading to limited accessibility, problems of home storage, and problems when 
the older people need to share a limited space with other road users. Another concern to 
consider is that Scooters might replace some walking where this would still be possible and 
otherwise required. Where this is a concern, the unrestricted availability of Scooters might 
indeed lead to negative health effects. 
4/ 2 
The difficulty of multi-modal travel with scooters was another problem mentioned 
frequently. Foldable scooters could allow combining scooter and car travel. Regarding 
scooters and public transport in the U. K., feedback from the various public transport 
operators indicates that there is a great deal of confusion with respect to the carriage of 
mobility scooters (Department for Transport 2006). Most light and heavy rail operators are 
content to carry scooters that fall within the size envelope of the reference wheelchair. 
Tram operators are more likely to allow the carriage of all models. However, a number of 
incidents have occurred which has led to ad-hoc decisions to prohibit larger models. Coach 
and bus operators do not accept mobility scooters based on health and safety considerations, 
while taxi drivers can use their own discretion. Most operators stated that there is not 
enough information regarding the risk associated with the carriage of scooters and are 
waiting for guidance from the DfT prior to developing or amending a policy. 
Department for Transport (2006) also found that most European countries do not 
distinguish between the mobility scooter and electric wheelchairs and therefore do not have 
separate regulations for scooters. Canada, USA and Australia were the only countries 
known to have regulations covering the use of mobility scooters on public transport and to 
have also completed a number of studies. 
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10 Conclusion 
The research detailed in this dissertation describes older people's travel demand and 
transport services available that could satisfy their demand. The thesis is composed of two 
parts. The first part sets out to understand older people's travel demand, especially trip 
chaining, from several aspects: trip chain complexity in terms of the number of stops, trip 
purpose sequence and mode choice. Various models are set up to estimate the effects of 
different factors including socio-demographic variables, transport service characteristics, 
etc. on older people's travel. The focus of the study is on older people's shopping tours. 
10.1 The contents of the study 
A lot of previous research has been conducted on people's single trips in isolation. It has 
been realized that in order to better understand people's travel, the tour perspective is more 
reliable since trips in a tour would influence each other. From the LATS data we have, it is 
found that nearly half of older people's travel is for shopping. Compared with the younger 
population, shopping tours are more significant for older people. All these defined the focus 
of the study. 
Using state-of-the-art modelling techniques, older people's travel demand is analyzed from 
three aspects in Chapters 4 to 7. In Chapter 4, the focus is on trip chain complexity, as 
measured by the number of stops within a tour, and in particular on travel disabilities and 
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how urban form affects tour complexity. To address this objective, ordered probit models 
are fitted. The difference between the travel of older people and younger people is found. 
Age, of itself, is found to lead to less complexity showing differences in behaviour between 
the `young-old' and the `old-old' irrespective of how travel disabilities are reported to 
affect their mobility. Other socio-economic variables are also found to have significant 
effects on older people. Differences between London and the USA are also found. 
Discrete choice models are used to estimate older people's travel purpose sequence and 
mode choice. The multinomial logit model is used for trip sequence analysis. For mode 
choice, multinomial logit models, nested logit models, mixed logit models, and a dogit 
model are used to analyse older people's mode choice. In Chapter 5, older people's trip 
purpose sequence in shopping tours is analysed. In one tour, travel purposes of adjacent 
trips are dependent. For people who are over 65, their favourite travel sequence is a 
shopping trip followed by a going home trip. As one would expect, the younger population 
are more likely to chain shopping with compulsory travel as they are more likely to be in 
employment or studying than older people. Other changes may be caused by their reduced 
mobility. Car access has significant influences on their tour composition and trip 
sequencing. Change in transport services might change their trip sequencing as well. 
In Chapter 6, older people's mode choice was investigated in terms of their mode change 
before and after shopping. For older people, when they are using the car as driver or 
passenger, they are less likely to change transport modes within the same tour. Being a car 
passenger, older people generally make simple one-stop shopping tours. Walking and 
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public transport are more likely to be combined in one tour. This implies that older people, 
as they lose the ability to drive, do need an alternative flexible independent transport mode. 
The mode choice of older people varies with socio-demographic characteristics of the trip 
maker. Moreover, tour type and mode choice are dependent on each other. The available 
mode choices affect older people's shopping tour type, in turn their mode choices are 
affected as well. In Chapter 7, older people's mode choice of shopping travel is analyzed 
further. A rate form rather than an expenditure form of model is adopted, showing that the 
rate form is better in this case. The advantages of including 10 alternatives are clarified. 
Trips before and after shopping are different. It is also shown that Box-Cox transformations 
improve the model fit significantly. Finally, the dogit model, which allows for captivity to 
specific modes, further improves the goodness-of-fit. 
From the analysis of older people's travel, the following conclusions emerge: With reduced 
mobility, older people have different travel characteristics compared with younger 
population. Because their life cycles change, so their travel purposes change. In addition to 
this, they have more time, which will also change their travel patterns. Older people prefer 
shopping tours with fewer stops and therefore fewer purposes. For them, public transport 
and walking are more important for their independence, since their driving ability is 
decreasing. 
In addition to the effects age per se, there are many other variables which have significant 
influences on older people's travel choices, including other socio-demographic variables 
and transportation system service variables. It is also found that older people are not a 
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homogeneous group. For example, those with higher income, no travel disability, and with 
access to a car, have higher mobility and more complicated tours and their travel is more 
flexible. In addition to this, better public transport services also can improve older people's 
mobility. 
All these imply that older people's travel demand is diverted by their reduced mobility. 
Their changed travel patterns do not necessarily mean they prefer this, as they may face 
reduced choices. If through special transport services the ability of older people to travel 
flexibly could be restored, their travel patterns may become more complex. Even so, 
differences with respect to younger people would still be expected, due to the reduced 
significance of compulsory trips and relaxed time constraints. 
There are public transport and private transport for travellers. Private transport services are 
mainly composed of car driving and car passenger. As a car passenger, the independence of 
travellers is limited. For older people losing the ability to drive, public transport is 
extremely important. But traditional public transport also has its limitations. Because of the 
walking distance to stops, waiting time, transferring etc, older people, especially those with 
travel disabilities, will find it challenging to use public transport. In Table 10-1, the 
advantages and disadvantages of different transport modes are listed. 
In recent years, special transport schemes are in operation to complement traditional public 
transport. In this thesis, the focus of how to satisfy older people's travel demand is about 
providing special transport schemes. The London Borough of Camden is taken as a case 
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study. The available special transport schemes in the Borough are introduced, including 
Shopmobility, ScootAbility, PlusBus, Taxicard and Dial-a-Ride etc. The study introduces 
the service scope of each scheme, and outlines the possibility for cooperation in the future 
for these schemes. The various schemes complement traditional public transport in different 
ways. Most of them provide door-to-door transport services. However, many of these 
schemes have a disadvantage. Older people can use these services for simple trips, but 
multiple stop trip chains are not conveniently made. 
ScootAbility is a different scheme. The point of this scheme is to provide a self-driving 
vehicle for older people. Using scooters, older people get their independence back. After 
joining the scheme, older people's tour patterns change in various ways, confirming that 
older people's travel choices are in practice often constrained by a lack of independence. 
By ScootAbility, older people can make tours with more stops, and they can make more 
leisure trips, shopping trips etc. The availability of a new transport mode does change older 
people's travel. It can also encourage older people to go out. However, the limited amount 
of survey data only allowed qualitative results. 
Table 10-1 Advantages and disadvantages of various transport modes 
Transport mode Advantages Disadvantages Suitable travel 
dependent on 
Car comfortable, others; need to almost all types of 
passenger Door-to-door have car access travel 
requirements 
comfortable, regarding driving 
Private Door-to-door ability; need to almost all types of 
transport Car driving independence have car access travel 
higher 
Main stream public independence, requirements simple feit er stops 
transport cheap regarding travel 
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physical ability 
such as walking, 
stair climbing etc. 
higher 
requirements 
independence, regarding 
Walk cheap physical ability short distance 
pre-booking 
required; limited 
independence, travel distance; 
free, door-to- no possibility to 
PlusBus door chain trips simple trips 
independence, 
no limitation 
for travel 
distance, 
door-to-door, 
no pre- 
Taxicard booking expensive simple trips 
pre-booking 
required; limited 
travel distance; 
cheap, door- no possibility to 
Dial-a-Ride to-door chain trips simple trips 
cheap, limited pick-up of PEV at 
service ShopMobility 
distance, easy office, limited short multi-stops 
ShopMobility to chain trips travel distance tours 
pre-booking 
required; limited 
travel distance; 
cheap, multi- currently only 
day use, easy pilot project; 
to chain trips, driving training short multi-stops 
SST ScootAbility independence required tours 
10.2 Policy implications and future studies 
This study has some meaningful policy implications, and also shows that a lot more future 
research is required to better understand and satisfy older people's travel demand. 
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In Chapters 4 to 7, quantitative methods are used to analyze older people's travel behaviour. 
In Chapters 8 and 9, a qualitative method is used to analyze a new transport scheme- 
ScootAbility-which fulfills a niche market of older people's travel demand. 
Qualitative and quantitative methods in social science research have long been separate 
spheres with little overlap. However, recent innovations have highlighted the 
complementarities of qualitative and quantitative approaches. Qualitative methods could 
provide the quantitative study context-specific information necessary for the development 
of surveys and the analysis of survey data. The study also incorporates the participation of a 
variety of constituencies in the research, and to rely on a variety of approaches-both 
qualitative and quantitative-to data collection and analysis. 
The quantitative analysis in this study used a dataset provided by Transport for London, 
and the data was collected before this PhD study. The qualitative analysis in this PhD study 
was carried out with the specific goal of evaluating ScootAbility and occurred after the 
quantitative analysis, so it influenced the interpretation of the analysis and the policy 
recommendation rather than data collection. Carrying out the qualitative analysis after the 
quantitative analysis did provide some scope for further quantitative analysis. 
10.2.1 Mobility and travel behaviour 
Mobility is generally understood as the quality of moving freely. In transport related studies, 
mobility is sometimes associated with travel (passenger-kilometres), but should also 
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include access to desired people and places as well as the benefits arising therefrom. In the 
field of transport studies, mobility is not at present an operational concept capable of 
quantification completely. Older people's mobility should also include information about 
places older people need to access, social and individual benefits derived by older people 
accessing the right places etc. 
In LATS data, the available variables for explaining older people's mobility are limited. 
Older people's mobility could not be explained completely by the quantitative analysis. At 
the later stage of the study, there was a chance for qualitative analysis through 
communication with older people in the form of focus groups. The focus groups were 
organized to analyze older people's opinions regarding ScootAbility, so it is limited in 
identifying older people's real interest in travel. But it still identifies some of older people's 
travel interest. For example, from the focus group and travel diary, it can be seen that when 
old people have access to mobility scooters, this can improve their feeling of independence 
and generally their quality of life. It is not possible to obtain this finding from the 
quantitative analysis. 
In the LATS data, travel behaviour is measured, including the number of stops in a trip 
chain, trip purpose sequence and mode choice etc. Mobility, however, could be reflected 
not only from these measured aspects of travel behaviour, but also in many other aspects, 
for example, postural transition (defined in Section 2.1), which might be an important 
aspect of older people's mobility and should be analysed in future studies. 
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10.2.2 Travel time and travel cost 
In this study, the effects of travel time and travel cost on older people's mode choice of 
shopping trips are analyzed. It is found that for older people, travel cost has bigger effects 
than travel time. This implies that for older people, they have more time and less money, so 
they would choose cheaper modes and care less about longer travel times. In future studies, 
this could be emphasized to analyze more older people's preference regarding their mode 
choice. This also has important implications on transport policy, i. e. it is rather fare than 
travel time which older people are concerned about. 
10.2.3 Trip complexity with household structure, household 
location accessibility, medical conditions and age 
The number of stops is used in this analysis as a proxy for the complexity of trip chains. As 
pointed by Ye et al. (2006) as household size increases, the tendency to chain trips 
decreases. If older people live with other adults, there will be more adults to share 
household trips, there will be less complex trip chains. From the analysis of LATS data, it 
is shown that older people from households with more adults make fewer stops. The 
London data also showed that single parents with dependent children had significantly 
more complex trip chains; couples (married or cohabiting) also had more complex trips and 
those with children had more relative to those without. Retired Singles have the most 
complex trips followed by retired couples and single people who are not retired. Clearly 
both retirement and living alone are associated with increased trip complexity; given 
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forecasts of increasing retirement and increased single living, this is clearly an indicator 
that travel will become more complex in the future. 
Within the household how trips are shared within household members is not clear. In future 
research, it is worth asking older people how they are sharing household trips with other 
adults in the household. Trips could be divided into three categories. First of all, trips made 
for another household member, for example, sending children to school, driving another 
person to hospital. Secondly, trips made for household tasks, for example, shopping trips 
for buying food for the whole household. Thirdly, trips made only for the traveller's benefit, 
for example, going out eating etc. If the interactions within a household for travel activities 
could be accommodated in future studies, older people's trip chain complexity could be 
understood better. 
In Chapter 5 it is found that households residing at locations with greater accessibility tend 
to make more one-stop shopping tours, while households with poorer accessibility tend to 
make fewer one-stop shopping tours, and compensate for their locational deficiency by 
combining shopping trips with trips for other purposes. In further studies, the relationship 
between their trip chain complexity and the land use accessibility around their home should 
be emphasized. In this study, population density in the USA data and Inner or Outer 
London for the London data are used as the proxy of local accessibility. This is not an 
accurate proxy for accessibility although it does reflect some effects. In further studies, 
more investigation of local accessibility should be made, including the distribution of local 
corner shops, local supermarkets, the local GP, etc. Also employment density could 
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possibly be taken as a proxy of local accessibility. However, where data are limited future 
studies should find better proxies for local accessibility in order to better understand the 
relationship between trip chain complexity and local accessibility. 
In Chapter 4, interaction with the age variables shows quite a bit of variation in how travel 
disabilities (or medical conditions) affect trip complexity for each age cohort. However, 
these results are inconclusive with some age cohorts being associated with more trip 
complexity when they are associated with travel disabilities and others showing the 
opposite effect. For example, the 60-69 age group in the UK data has more trip complexity 
when there is a travel disability. The 66-70 age group in the US data has less trip 
complexity when there is a medical condition, but the 81-84 age cohort shows that those 
with medical conditions associate with more complex trips. In future studies, the effects of 
medical conditions and age on older people's trip chain complexity should be investigated 
more. It is worth investigating what is more important for older people's decision about trip 
chain complexity. 
10.2.4 Postural transitions and Load carrying 
From this study, it is found that older people's travel is influenced by land use and socio- 
demographic variables, but there are some other factors not provided by the data, which 
should be given more attention in future studies. 
259 
Postural transitions as a factor describing the environment in which older people make their 
activities should be included in a future study explaining older people's mobility. For older 
people, especially for those with some kinds of disabilities, if they need to change their 
posture very frequently, this adds more difficulties for older people's mobility. This aspect 
has not got enough attention in past studies, so a future study could add in this variable to 
see how frequent postural transitions deter older people from making more travel. 
Old age may impair the ability to chain trips, perhaps because of an inability to carry loads 
or because of the unavailability of a car. When older people get older, their physical ability 
is decreasing, so travelling with loads becomes more and more difficult when a car is not 
available, while older people are losing the driving ability so more and more of them do not 
use car as the transport mode which makes load carrying more difficult for older people. 
The inability to carry loads is an impediment to older people's trip chaining. One of the 
biggest advantages of the car is the ability to carry loads. When older people do not use the 
car, they lose some of the ability of carrying loads. 
Future research could focus on load carrying when analysing the complexity of trip chains. 
This could lead to a deeper understanding of older people's trip chain complexity and 
reasons for chaining trips, especially for shopping travel, because most shopping travel 
produces burdens. Different types of shopping generates different loads. For larger items 
more use may be made of home delivery. But smaller items home delivery may not be 
available or affordable. If a car is available, bulk food shopping is possible. Without a car 
available, older people may be forced to make more frequent trips. So the type of shopping 
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and loads generated by shopping should also be included in a future study. And the 
relationship between mode choice and trip type should also also be investigated. 
10.2.5 Travel counselling for older people 
A USA-wide telephone survey of Michigan drivers and former drivers aged 65 and older 
(Kostyniuk and Shope, 2003) showed that the automobile was the primary mode of 
transportation for most older adults. Most former drivers obtained rides from relatives and 
friends. Use of public transportation was low, and some seniors were not aware of the 
availability of public transportation services. Older drivers did not plan for driving 
cessation. Over half the drivers who perceived a likelihood of driving problems within 5 
years expected to keep driving beyond 5 years. 
This implies that older people- do need travel counselling regarding transport modes that 
older people could choose. The counselling should not only be limited to older people's 
driving ability. For older people who can still drive, counselling about things like what they 
should be careful about should be given and they also should be advised about when to 
cease driving. Then older people would psychologically be prepared, when they can not 
drive, they could adjust to the changed situation better. 
For older people who can not drive, counselling about how they could keep their mobility 
should be given, including local traditional public transport and special transport services 
available. So older people could get enough information about transport services they can 
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use when car driving is not an available mode choice any more. As a result, older people 
could stay mobile even without a car. 
10.2.6 Taxi for older people 
In this study, it is found that for shopping travel, taxi usage among all population groups is 
low but highest among the older-old (0.51 %). In a future study, it is also worth looking at 
taxi use for trips with other purposes. It could be found out what purpose of travel it is that 
older people mainly use the taxi for. 
Taxi is an expensive transport mode, so for older people who are generally not better off 
than younger people, the percentage using a taxi is the highest for people who are older 
than 75. This could be because the Taxicard scheme provides a subsidy for some older 
people in London, or it could also be because older people have no other choice when they 
need a car but cannot drive and there are no friends or relatives to help. Especially for 
shopping, where there are loads generated, older people would prefer a car, in which case a 
taxi could satisfy this requirement. Further study should be carried out on the reasons for 
older people choosing a taxi and what they think about the taxi. The impact of the Taxicard 
scheme should also be investigated, to establish the usefulness of this scheme. 
10.2.7 Public transport for older people 
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In Chapter 6, it is shown that the availability of bus services does significantly influence the 
mode choice. It is primarily the bus stop density that encourages older people to use public 
transport more frequently whereas the bus service frequency does not appear to be of the 
same significance. These could have several policy implications. Firstly, it makes a case to 
provide bus stops closer to older citizens' homes and it could be argued that providing more 
frequent bus services is not as important for older people. For older people, they have more 
time, so they can put up with a lower bus frequency, but the decrease in physical conditions 
of older people makes the walking to public transport stops or transferring between stops a 
bigger issue. Older people will try to avoid walking, so higher bus stop density could lead 
to more use of public transport for older people. 
In this study, the ease of going to public transport stops is proxied by bus stop density per 
road km, while this representation could be improved by other variables. For example, the 
closeness of public transport stops to resident areas, the walking route conditions, etc. 
Secondly, these findings might strengthen the case for alternative special transport services 
such as dial-a-ride which provide door-to-door services. Special transport schemes could 
provide door-to-door transport services, so older people do not need to go through the 
trouble of getting to a public transport stop. This is one of the biggest advantages of special 
transport services. 
10.2.8 Car dependence in London 
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In Chapter 6, it is also found that older people with high income are less likely to use public 
transport. Further for older people, a central London residence seems to deter them from 
walking, using public transport and rather encourages car usage. This might be at first 
surprising but further research could confirm whether this is due to more frequent and more 
accessible food shopping facilities in the neighbourhood for those living outside the city 
centre. When asking about travel purpose, further study could include questions about the 
type of shopping destination and the type of goods bought. Then the relationship between 
transport mode and type of shops visited and the type of goods bought could be 
investigated. The difference of transport mode for shopping between Inner London and 
Outer London could be identified and why there exist such differences. In future studies, 
older people in Inner London and Outer London could be compared regarding their mode 
choices for different trip purposes. 
10.2.9 Suppressed journeys 
From the study, it is clear that older people are losing their mobility, travelling less and 
travelling in less complex ways. Department for Transport (2001) has found that one-third 
of older people wish to engage in more activities than they currently do. Among those who 
would like to engage in activities more often, transport difficulties are mentioned by 
upwards of one in four (with the exception of sport/leisure activities). Transport difficulties 
are mentioned more often by older people (80 plus), women, people from ethnic minorities 
and non-drivers. 
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Further study could do more to investigate older people's suppressed journeys. More 
should be found out about whether older people will go out more if they have some other 
transport mode available, and what they will do if they go out more. In addition to this, 
older people who are completely home bound should also be contacted. There are some 
older people who almost never go out, and they are quite difficult to reach. Future research 
could try to approach these older people, and investigate how these older people could be 
enabled to go out more. 
10.2.10 Scooter improvement 
In this study, a new special transport scheme - ScootAbility - is studied in detail in Chapter 
9. For a lot of participants, the scooter is a new transport mode for them. Research shows 
that this improves older people's mobility considerably. But there are still a lot of things to 
be done to improve the performance of scooters as a transport mode. 
Some of these Scooter disadvantages are inherent. The focus group analysis provided some 
practical recommendation for improving scooters. Equip every Scooter with a red flag to 
increase visibility. Participants further wondered if the existing Scooter fleet could be 
extended by some foldable Scooters that can be placed in a car to encourage multi-modal 
travel. The design of the scooters could also be improved to enable use with other public 
transport vehicles such as train, bus etc.. 
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In addition to the scooter itself, the environment for operating scooters should also be 
improved to make their operation easier. In order to overcome the problem of finding 
accessible routes several suggestions were made. For example providing pocket maps that 
indicate accessible routes within Camden. Also the importance of the Scooter-friendh- 
design of the road infrastructure was emphasised, like having pedestrian crossings within 
reach. 
In a nutshell, the dissertation analysed older people's travel demand from different 
perspectives and identified possible solutions for satisfying their travel demands, while 
acknowledging that travel demand will be influenced by the supply of transport services. 
This study contributes to the understanding and satisfying older people's travel demand, 
and points to much that still needs to be done in future studies.. 
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Appendix 1 
Information on the attendants of the focus groups (ScootAbility users): 
Group 1: Time 1: 00 - 2: 30 pm All female BM E users 
Name Contacted Attending Y/N 
Volla A ostolo oulos y Y 
Polynnia Christo hi y Y 
Jene Nelson y Y 
Clara Oladimeji y Y 
Group 2 2: 45- 4: 15 pm Mixed users 
Name Contacted Attending Y/N 
Peter Waite y Y 
Patricia Castledine y Y 
Cyril Clowes y Y 
David Coburn y Y 
Reddiar Jaganathan y Y 
Doris Winston y Y 
Fergus Higgins y Y 
Susan Walker y Y 
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Information on the attendants of the focus groups (eligible ScootAbility non-users): 
Group 3 12: 00-1: 30 pm Mixed non-users 
Name Contacted Attending Y/N 
3 drop-outs (1M 2F) 
Nora Foran y Y 
Terry Smith y Y 
Barbara Hooker y Y 
Eva Hughes y Y 
Joan Cook y y 
1 private scooter user 
Joyce Betts y Y 
2 other non-users 1M1F 
Ruth Wreford y Y 
Group 4 1: 45-3: 00 pm BME non-users 
Name Contacted Attending Y/N 
3 under 75yrs 
Stephen Williams y Y 
Euna Hi of to y Y 
3 over 75yrs 
Louis Goodwin y Y 
Winnie Goodwin y Y 
Dolly Dindyal y Y 
Group 5 3: 15-4: 30 pm Different disabi lities non-users 
Name Contacted Attending Y/N 
3 walking difficulties (2M 1F) 
Sheila Banks y Y 
James Veal y Y 
Jean Barnett y Y 
Jean Edmundson y y 
2 hearing difficulties (1M 1F) 
Margaret Moore y Y 
1 wheelchair user 1 F) 
Elizabeth Kelly y Y 
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Appendix 2 
Focus Group Discussion Guide Eligible Non-users 
1 Focus Group Objective 
Identify factors influencing individuals to use or not use scooters or electric-wheelchairs. 
Find out market niche for scooters and electric wheelchairs. Highlight consequences of 
using scooters and electric wheelchairs on the users and others. 
2 Introduction 
2.1 Moderator Introduction 
2.2 General Introduction 
Introduction of scooters and electric-wheelchairs (showing a scooter). 
Introduce the objectives of the focus group to participants. 
Ask each participant to introduce themselves. 
3 General data collection 
3.1 Transport used 
Weekly trip frequency 
Trip destinations 
Person accompanying travel 
Transport modes used 
Troubles related to your travel 
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3.2 Accessible transport schemes 
Camden Council provides a range of travel initiatives to help older people travel: 
Older Person's Freedom Pass 
Taxicard 
PlusBus 
Dial-A-Ride 
ShopMobility 
Hospital Travel Cost Scheme 
ScootAbility 
How many of them do you know about and how many of them are you using? 
How frequent do you use these schemes? 
What do you use them for? 
4 Detailed Concept discussion 
4.1 Perceptions of scooters and wheelchairs 
Do you have the experience of using scooters or wheelchairs? Do you attend ShopMobility? 
What are the strengths and weaknesses of scooters or wheelchairs compared with other 
transport modes? 
If you have not used one before, then what is your feeling about using a scooter or 
wheelchair, when you see others using it? If you used it before, what is your feeling about 
using it? 
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Convenience and independence 
The image of using scooters (men do not use it? ) or using wheelchairs (disability? ) 
Safe (for users and others, especially pedestrians) 
Why do not you use a scooter or a wheelchair? 
Prefer other transport modes 
The image 
Safety concerns 
Difficulty in driving a scooter or an electric wheelchair. 
Cost of buying a scooter or an electric wheelchair, maintenance and storage problems. 
Infrastructure problems such as stairs, uneven pavements and insufficiently dropped kerbs 
and difficulty in taking a scooter on public transport 
4.2 Change of older people's life-those with the experience of using scooters or 
wheelchairs 
How could scooters or wheelchairs change older people's travel patterns? 
Impact on trip chaining 
Less walking 
Transport mode change 
Additional journeys you would like to make 
Will scooters or electric wheelchairs have an influence on a person's shopping behaviour? 
Using local shops more than shops far away? 
Shopping frequency and shopping time 
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More likely to combine shopping trips with other trips or second shopping trips, less single 
shopping trips? 
4.3 Impact of scooters and electric-wheelchairs on others (cross-sector benefits) 
Benefits 
Older people using scooters need carers less (travel independently leads to less home care 
and less travel accompanying) 
Replace other AT schemes by scooters or electric-wheelchairs 
As feeders to general public transport, such as rail station 
Older people will go out more to improve their physical health and achieve more social 
inclusion 
Local business will have more older people as customers 
Disbenefits 
Lose income for Taxi, lose delivery income etc. 
Produce less employment relating to looking after older people? 
Less walk to reduce older people's health 
More social exclusion, if older people do not need their relatives and friends to help them. 
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Appendix 3 
ScootAbility monitoring and evaluation P206002 
Discussion Guide - users (designed by Steer Davies Gleave) 
Introduction and warm up 
Who we are, brief description of qualitative research, who we're doing the work for 
London Borough of Camden) confidentiality reassurance, tape recording of group 
They introduce themselves: 
Name, where they live and need to get to 
Frequency and purpose of travel 
Use of carers/companions 
Accessible transport services used, for how long 
General comments on these services 
Use of mainstream public transport 
strengths 
weaknesses 
Focus on ScootAbility - the scheme 
How do users describe the scheme 
How does it work 
Who is eligible 
How long have they been using it 
What were the triggers 
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Do they know our people using the scheme or motorised vehicles of their own 
Did this have an impact on their decision 
How well known is the scheme 
Is it publicised and if so how well 
What could be done to publicise it better 
How easy was it to join 
What was involved in getting started 
Did they apply themselves or get others to help 
How could the process have been made simpler 
Did they have/need training 
How effective was the assessment/training 
ScootAbility - scheme operation 
How have they found using the scheme? 
Booking 
Taking delivery 
Using the vehicle 
Collection 
Period and timing of loans 
Availability of vehicles 
Quality of vehicles 
Quality of service 
Telephonists 
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Delivery/collection staff 
Day centre staff (if applicable) 
Are their any barriers to/problems with accessing the service? 
How could these be addressed 
The vehicles 
What do they think of the vehicle(s) they have used 
Strengths 
Weaknesses 
Suitability to their needs 
How does it compare with other vehicles they have used/seen 
What are its major benefits compared with other forms of accessible transport services 
What are the problems with using it 
How could these be addressed - for them and for others 
Use of the scheme 
What difference has using the scheme made to them 
Frequency of going out 
Range/distance of destinations 
Use of other mainstream public transport modes 
Use of car 
Use of other accessible modes 
Use of carer/companion 
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Communication with others 
Has Scootability helped or hindered 
In which situations 
Impact on shopping 
Do they take the vehicles into shops 
What problems have they encountered 
Which shops are easier to access than others 
How has the vehicle affected the pattern of their shopping 
Local vs. major centres 
Frequency and length of trips 
Combination with other activities 
What has been the attitude of the public/shop staff 
What difference has it made to their lives overall 
In practical terms 
Emotionally/psychologically (ie how has their level of happiness, confidence etc. been 
affected) 
What image does the scooter have 
Is this better for men or women users 
How might the scheme affect their life in the future 
Are there any additional activities they could now think about 
employment 
voluntary work 
other 
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Diversity issues 
Do users face any particular issues with using accessible transport generally? 
Does Scootability help or exacerbate those problems 
How and in what situations 
Why do they think that is 
How well have Camden and Islington tackled these issues 
What else could they do 
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